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Plastic film-covered semi-circular shaped greenhouses for 
growing plants have been described by Anon. (1969), Roberts (1975), 
Ne 1 son (1978) and many others indifferent parts of the vlOrl d. 
Generally such structures are referred to as plastic covered green-
houses or :ilm plastic greenhouses (Roberts, 1975; 1981; Nelson, 1978), 
or single span tunnels, or plastic tunnels (Anon., 1969; Allington, 
1974). The last term is used by the author throughout this report 
when referring to such structures. 
Most designs are based on that of Allen and Allington at Lee 
Valley Experimental Horticulture Station, U.K. (Allington, 1974), 
described in a Station leaflet (Anon., 1969). In South Africa, 
commercial units usually measure 30 to 50 OJ in length, 8 m in floor 
diameter and 3,2 m in height, and are covered with a single layer of 
clear polyethylene film (Anon., 1978). Typically the film is 150 ~m 
thick and includes uv stabilisers. Depending on condilions the film 
lasts for about two years. Probably the first double layer tunnel 
(Roberts, 1975; Nelson, 1978) in South Africa has recently been erected 
at Pietermaritzburg. 
As growers in South Africa demanded research back-up for their 
enterprises research was started in 1972 at the University of 
Stellenbosch, situa.ted in a Mediterranean cliillatic area (Wolstenholme, 
1977), with extremely high summer solar radia.tion intensities (~1fl.ree, 
1979a). The University of Natal, Pieterma)'itzburg, situated in a 
cool subtropical summer-rainfall area (Wolstenholme, 1977) commenced 
research in this field in 1976. In both areas absolute winter minimum 
temperatures may reach -2°C, with absolute maximum summer temperatures 
of .! 40°C. In summer and winter~ noon irrad-iance levels on cloudless 
days al~e typically 1 000 W m- z and 600 W m- 2 respectively (Savage & 
Smith, 1980). These levels are much higher than typical European 
summer conditions (Anon., 1980a). Hore detailed climatic data are 
presented in later sections. Tunne l climatic data have been accumulated 
locally at Stellenbosch (Maree & La ubscher 1976a; b; Maree, 1979a;b;c), 
Pretoria (Oosthu;zen & Mi1ler"l'!att, 1978), and PieternwrHzburg (North, 
1979; North, de Jager & Allan, 1978). 
The first commercial growers used soil as the grm"ing medium but 
soon encountered problems with nematodes, bacterial wilt, bacterial 
canker and Fusarium, and were forced into soilless culture systems. 
Originally corrmercial tunnel units were sold with vermiculite included 
as the growing medium. 
used by some growers. 
This was successful and vermiculite is still 
However, the cost, the high pH of the local 
product, and its compacti on wi th use, 1 imi ted its reusabi 1 i ty, and 
have forced growers and researchers to look for alternatives (Smith, 
Whitfield, Savage & Cass, 1979; Maree, 1981a). The author (Smith 
et aZ' 3 1979) has had success with local peat, perlite, and more 
recently with pinebark and sawdust. Maree (1979a;b;c; 1981a;b) reported 
good results with strawbales and rockwool, and recently with sawdust. 
A major objective of the research reported here was to develop a system 
for tomatoes and cucumb ers using a locally obtainable, ch eap, re··usllble 
medium suited to local conditions. 
At the same time an easy-to-use system of 'hydroponics ' was 
required preferably without the expensive structures of a true hydroponic 
system (Harris, 1970). Hydroponics is usually defined as lithe science 
of growing plants in a medium, other than soil , using mixtures of the 
essential plant elements dissolved in \Vater" (Hart~is, 1970 ; Sholto-
Douglas, 1975). According to Harris (1970), Ellis, Jensen, Larsen & 
Oebker (1974) and Cooper (1979) the tenn hydroponics is derived from the 
Greek words -'hydro' (water) and Iponosl (labour ) - and was coined by 
D.W.F. Gericke in California. 
The terms hydroponi cs, water cul tu )~e, sand cul ture, gravel cul ture, 
aquaculture, solution culture, mist culture, dr ip irrigation, soilless 
culture and venniculture, are widely used to describe a 
particular system of applying pl ant nutrients to the roots of the plant. 
Each, in its own way, is a method of substituting some other medium for 
soil (Ellis e t aZ' 3 1974). All systems place nutrients in intimat e 
contact with the plant roots. Ellis et aZ. have preferred the term 
'nutriculture ' , and have used it to describe most systems. In their 
opinion the wo rd hydroponics has popular appeal. The term 'hydroculture ' 
has been used fo r the domestic applicat ion of hydroponics (Horsfall, 
1980) . 
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More recently the system has been further developed into the 
Nutrient Film Technique (NFT), which is by definition "a simple 
system of hydroponic culture in which plants have their roots in a 
shallow stream of recirculating water in which are dissolved all the 
elements required for grm'Jth" (Cooper, 1979). The stream of water is 
very shallow, and the upper surface of the root mat is in the air, 
thus ensuring a constant supply of oxygen. Israeli workers have recently 
produced a slight modification of the NFT system known as the Ein-Gedi 
system (Anon., 1981a). 
Nutriculture systems differ in the type of media in which the 
roots grow (Ellis et al.~ 1974). This may be a liquid medium (hence 
the name water culture or hydroponi cs) or a sol i d medi urn. Ivlany forms 
of solid rooting media have been used and the general term laggregate 
culture ' has evolved to cover them all (Ellis et aZ .~ 1974; Cooper, 
1979). With aggregate media the nutrient solution can be applied 
either in a closed system, or in open systems. In the latter nutrient 
solution is supplied to the aggregate, and any excess liqu 'icl drains 
to waste. Adamson (1977) described this as a wasting system. In 
closed systems the aggregate is moistened with the nut rient solution, 
and the draining liquid is collected and re-used (Harris, 1970; Ellis 
et al.~ 1974; Cooper, 1979). This is also known as a recirculating 
system (Adamson, 1977). 
For tomatoes and cucumbers under South African conditions a wasting 
or non-return system seemed most appropriate, as used in Ireland 
(Maher, 1972), U.S.A. (Ellis et al." 1974; Jensen, 1975; 1980), United 
Kingdom (Wall, 1973; Bunt, 1976), Canada (Adamson, 1977; Anon., 1980b), 
Scotland (Hilson, 1981), Guernsey (Anon., undated a; IVloorat, 1981), New 
Zealand (White, 1978), Holland (Klapwijk, 1981), Sweden (Jorgensen & 
Jonssen, 1978), NOr\l-lay (Guttormsen, 1976) and other countries. A 
second objective of this project was therefore to research the 
suitabil ity of non-return systems under South Afri can condi ti ons. 
Different nutri el')t sol ut ions are recommended \'Ior 1 d-wi de ~ and 
research was also undertaken into this complex field. There are 
basically two distinct types of open system nutriculture. A comp lete, 
balanaced, nutrient solution can be fed to the plants at each watering, 
such that exc~ss liquid just drains frcm the bottom of the container, 
as in Jensen's (1980) sand culture, and Adamson's (1977) sawdust 
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culture. Examples of nutrient solutions recommended are shown in 
Table 3.3. 
Alternatively, base fertilisation (Bunt, 1976) or 'pre-enrichment' 
(Anon., undated a; Moorat, 1981) of the medium in the container, or 
fertiliser pre-mixing (Maas & Adamson, 1980), takes place before 
planting. This is followed by watering with a solution containing N, 
P and K in the correct proportions. Examples of pre-enrichment 
recommendations for different media in various countries are given in 
Table 3.4, and suitable liquid feeds in Table 3.5. 
Both these systems were included in the research for this thesis, 
and of necessity a broad approach was adopted. It was first established 
which media and nutrient solutions would perform satisfactorily, 
considering that many of the recommended chemicals were not available 
locally at the start of the study, and had to be substituted for in 
certain cases. 
Thus the work reported here was aimed at establishing an infant 
industry on a firm scientific footing by adapting overseas expertise 
to local conditions, starting with the growing of the seedlings and 
taking them through to harvest. 
Climatically, and especially in terms of radiation intensities, 
local conditions differ considerably from other countries where most 
of the research has been carried out. Thus it could be expected that 
fertilisation, water usage (Maree, 1981a), and physiological responses 
(Hammes, Beyers & Joubert, 1980) of tomatoes and cucumbers might differ. 
For this reason measurement of tunnel climate, its modification, and 
the plant's growth reponses, formed a major part of this study, as in 
other centres in South Africa. This is important since all the seed 
used is bred and multiplied under European conditions. 
Generally, conditions here are more akin to those in Arizona than 
Europe. Thus much of the work was based on the recommendations of 
Ellis et aZ. (1974), and Jensen (1975; 1980). Of importance also, is 
that the price structure of the protected CUltivation industry in 
South Africa differs considerably from overseas countries. Meyer 
(1978) and Kassier (1979) reported on the economics of plastic tunnel 
grown tomatoes in South Africa. The latter author concluded that there 
was zero profitability on a one hectare tomato plastic tunnel operation 
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in the Stellenbosch area. The introduction of expensive cooling and 
heating systems to more precisely control the climate has generally 
not succeeded, mainly because growers in frost-free areas of the 
country can produce all year round \dthout protection, and at low costs. 
The system to be researched had to take these facts into consideration . 
The same argument is not however true for European ("hot-house") 
cucumbers, which must of necessity be grown under protection. 
Overall therefore~ the aim of this research was to establish 
recommendations for the growing of tomatoes and cucumbers under 
protection in Natal, starting from seed, through to harvest using 
soilless media and nutriculture systems. At the same time the plants' 
response to modified climate was investigated. Physiological studies 
did not form part of the research. 
Van Bavel (1981) has noted the rapid expansion of the greenhouse 
industry in warmer areas, and in comparison to cooler areas has 
stated, "precedent and transferable technology are often lacking, and 
the research opportunities are in the innovative use of materials and 
of solar and of waste energy utilisation." 
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CHAPTER 1 
CONTAINER SEEDLING PRODUCTION 
1.1 LITERATURE REVIEW 
The first step in tunnel production is the raising of the seedlings 
to a suitable size for transplanting into the tunnel. The fast 
increasing popularity of growing vegetable seedlings in container trays-
in South Africa, both by growers themselves, and by specialised 
nurserymen on a large scale, has necessitated research into this system 
of production under local conditions. The high cost of imported media 
has led to growers experimenting with cheap locally available media, 
often resulting in large scale losses and poor seedling growth due to 
lack of knowledge. These losses have not been recoverable as the 
advantages of an early crop during a high price period have been lost. 
European and American greenhouse growers have traditionally grown 
tomato seedlings in 100-150 !Till diameter pots to a stage when first 
flo\'iers are visible (P.non., undated a; Wittwer & Honma, 1979; ~loorat, 
1981), before transplanting into beds or containers. Usually the 
objective is to grow the plant until the spring solar radiation levels 
are high enough to support good growth. Supplemental radiation may be 
provided for the seedlings. 
Various types of peat blocks have been successfully used for other 
types of vegetables (Cox, McKee, Dearman & Kratky, 1978), as well as 
tomatoes (Gray, Steckel & Ward, 1980) and cucumbers (Wittwer & Honma, 
1979). The size and shape of the block, and the time before transplant-
ing can affect the subsequent growth and yield (Cox, 1979). 
~e-usable seedling trays are also becoming popular locally with 
growers. If the trays are kept above ground, lair pruning' of the 
roots takes place. Secondary root development then occurs resulting in 
a characteristic root plug, which holds together and allows for easy 
transplanting and a minimum of root disturbance (Anon., 1981b). The 
shape and size of each compartment can affect immediate and subsequent 
growth of the seedling (Glen, 1980). 
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Usually the inverted pyramid shape is preferred since the roots 
are forced to grow downwards, and no root circling occurs (Anon .. , .19?3). 
Containers with round shaped ~ompartments are, however, also u.s.e.d ,wi .th 
equal success, provided that management of the seedlings is correct 
(Hartmann & Kester, 1975). 
After se 1 ecti on of the conta i ner type, the actual grm·1i ng of -the 
seedling is largely dependent on the growing medium and the fertilisation 
applied. Most overseas systems are based on high quality, pre-enri .ch.e,d, 
sphagnum peat (Irish, Russian, Finnish or Canadian). This is us.u.ally 
mixed with vermiculite, polystyrene, perlite or other inert material 
(Baker, 1957; Boodley & Sheldrake, 1972; Bunt, 1976; Anon., 1981b). 
Speedling Inc., of Sun City, Florida use a mix of 45 per cent. Canadian 
peat, 45 per cent. American vermiculite, and 10 per cent. polystyrene 
beads (old ground up trays) (Roode, 1981). 
Although most of these ingredients are available in South Afri~a, 
their cost and quality make them unsuitable. An important objective 
of the following study was to find a cheap, easy-to-use. locally 
available replacement for imported media. The only published work in 
South Africa is that of Zingel (1981), who obtained best results with 
tomato seedl i ngs ina J. Arthur Bou\'Ier medi urn, imported from Brita in, 
and containing peat with sand and bark. 
In most of the earlier work, local peat was used in many of the 
commercial mixes tested. Subsequently, however~ the quality of the 
product deteriorated. The limited supply and large demand made it 
necessary to seek alternatives. 
Apart from the medium, detailed aspects of which are l~eviewed in 
Chapter 3, the other critical factor in seedling production is nutrition. 
Nutriculture prinCiples apply equally during this phase where seedlings 
are grown in soilless media in trays. 
In Guernsey tomato seedlings are raised in pre-enriched peat, and 
watered with a solution containing 170 ppm N, 74 ppm P and 374 ppm K 
(N:P:K ratio = 253:1:5) (Anon., undated a). The Glasshouse Crops 
Research Institute, U.K., recommends a pre~enriched peat: sand med.ium 
for raiSing tomato seedl -ings as sho\'In in Table 1.1 (Smith, 1973). The 
seed compost is used for germination, and the potting compost for growing 
. . 
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the seedlings from pricking out to transplanting. At all times the 
seedl ings are watered with a solution containing 150g .e.- l KN0 3 (105 ppm 
Nand 280 ppm K; N:K ratio = 1:2,5). 
TABLE 1.1 Pre-enrichment recommendations for tomato seedling composts 
according to Smith (1973) 
Amt fertiliser (g m- 3 ) 
Fertil i ser Seed compost Potting compost 
(NH .. h S04 217 
Calcitic lime 1 734 1 300 
Single supers 434 867 
K2 SO .. 217 434 
(NH 4h N0 3 108 
Ureaformaldehyde 217 
Dolomitic 1 ime 1 300 
FRIT 217 
Wittwer & Honma (1979) state that high nitrogen and high phosphorous 
levels during early seedling stages are necessary to produce the maximum 
number of flowers and fruit in the first truss in tomatoes. In an 
experiment 400 ppm Nand 30 ppm P resu lted in the most flowers in the 
first truss. These authors recommend watering seedlings with 4 g.e.- l 
of a fertiliser containing 10 % N, 23 % P and 14 % K, which is 
equivalent to a solution containing 400 ppm N, 920 ppm P and 560 ppm K. 
A more detailed discussion of pre-enrichment and nutrient solutions 
is presented in Chapter 3. 
The primary objective of this part of the research, therefore, was 
to devise an acceptable nutriculture programme for growing cucumber and 
tomato seedlings, using commerc 'ially available nutrient solutions, and 
comparing these to overseas norms. 
1.2 GENERAL PROCEDURES 
All seedling research was carried out in a small, plastic enclosed 
tunnel (15 III x 5 m), covered with ® Uvidek 620, a UV stabilised, 150 1-Im 
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polyethylene film (for transmission properties see North (1979) and 
section 2.3). 
All research, unless otherwise stipulated, was done with standard 
white polystyrene seedling trays manufactured locally by Roode-Lyon 
(Pty) Ltd. under licence from the parent company Speedling Inc., Sun 
City, Florida. Each tray had 24 inverted cone-shaped cavities 30 mm 
square at the top, 60 mm in depth and with a volume of 36 ml. Outside 
tray dimensi ons were 336 mm x 133 mm. Typi ca lly, a 24 compartment 
tray constituted a plot, with the three seedlings at each end constituting 
guard rows, i.e. 18 seedlings per tray were harvested as data pl ants. 
The trays were were placed on 1 m high, level, metal racks covered 
\vith chicken wire. Watering was done by hand, using a watering can with 
a fine rose sprinkler, so that each tray received approximately the same 
amount of \'later or nutrient solution, according to requirement. 
Once the largest seedlings had reached the assumed optimum size for 
transplanting, all seedlings were removed from the trays and washed 
thoroughly to remove all the rooting medium from the roots. The fresh 
and dry mass of the whole plant, roots, stem and leaves were then 
determined, as well as stem length and leaf area in certain cases. 
Close correlations between plant fresh mass and dry mass, top 
fresh mass and dry mass, root fresh mass and dry mass and root/shoot 
ratios on a fresh mass and dry mass basis were found in tomatoes (App. 
Fig. 1) and cucumbers (App. Fig. 2). Thus only fresh mass results are 
shown and discussed in most instances. 
Statistical Analysis 
All exper iments were designed according to the standard procedures 
of Cochran & Cox (1957) and Rayner (1967), and analysed on a Univac 
computer of the University of Natal, using the Genstat system of 
Rothamsted Experimental Station, U.K. Throughout the thesis the use of 
the words Ihighly signi f icant l refers to significance at P = 0,01 (* *), 
and the \'lord Isignificantl refers to significance at the level P = 0,05 
(*) (Rayner , 1967). 
Most resuits are pre:.ented in Figure form and least significant 
differences (LSD's) are shown where significance was found. Where no 
LSD is shown differences were not significant. 
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1.3 EFFECT OF ® SPEEDLING COMPARTMENT SIZE (Experiment 1) 
1.3.1 Aim - A wide range of® Speedling trays is available 
commercially with different numbers of compartments per tray, and with 
various compartment depths, top measurements and volumes. From the 
onset it was important to test which would be the most suitable for 
tomato and cucumber seedling production. 
1.3.2 Procedure Tomatoes (Lycopersicon escurentum Mill. cv. Heinz 
1370) and cucumbers (Cucv.mis sativus L. cv. Ashley) were grown in 
three different sized compartments (Table 1.2) in a 1:1 Irish peat: 
vermiculite medium, and watered t\'Iice daily with a nutrient solution 
containing 2 g i-I ® Chemicult (a commercial, complete mixture-
composition in Table 3.8). The plants \'Iere sampled at four, six and 
eight weeks after sowing (1980:03:01). The trial was a 2 x 3 factorial 
with three replications. One third of the rumber of seedlings per plot 
were harvested at each sampling. 
TABLE 1. 2 Si zes of the three different ® Speedl ing compartments 
used in Experiment 1 
Compartment Dimensions 
Tray Number Top DimEnsions 
Size compartments Length Breadth Area Depth Volume 
(mm) per tray (mm) (nlln) (mm2) (mm) (ml) 
675x343 228 
') 
28 'L'I 28 'C; 784 be. 7C7? 60 22 
II 128 30 n 30 .." 900 60 t? 36 
II 72 50 50 2 500 100 110 
1.3.3 Results and Discussion Tomato and cucumber seedlings grown in 
the largest compartment size were highly significantly larger than 
those grown in the smallest compartment size as soon as four weeks after 
sowing (Fig. 1.1). After a further two weeks these differences became 
greater, and by eight weeks the best tomato seedlings had a mean mass 
of 24 g plant- 1 (72 compal~tment tray) as compared to 8 g plant- I (228 
compartment tray). Cucumber seedlings in the '72' trays had a mean 
mass of 16 g plant- 1 as compared with 8 g plant- 1 in the '228' trays. 
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Plant fresh mass and root/shoot ratio of tomato and 
cucumber seedlings grown in different sized compartments 
for different lengths of time 
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largest compartments (Fig. 1.1). Differences in mass were thus 
evident early on, and became more marked with time. 
Measurements of plant height (Fig. 1.2) also showed that up to 
eight weeks from sowing the plants in the largest compartments had 
grown significantly better. The growth in height was significantly 
less in the '128' and '228' trays than in the '72' trays after four 
weeks. After six weeks a spacing (etiolation) effect began to show 
up causing the plants in the '228' tray to be slightly taller on 
average than those in the 1128' tray (Fig. 1.2). 
Leaf area (Fig. 1.2) showed a similar response to plant mass in 
that it was highly significantly greater in the '72' trays in both 
cucumbers and tomatoes. Despite the fact that tomatoes, especially, 
tended to grow taller in the 12281 trays than the '128' trays, their 
mean leaf area was always small er because of the etiolation effect. 
The root/shoot ratio was usually always lowest in seedlings v/hich 
had grown most vigorously, i.e. plants with the greatest mass usually 
had a smaller root system relative to their shoot mass (Fig. 1.1). 
In tomatoes and cucumbers the ratio decreased markedly between four 
and six l'/eeks from sov/; ng, from.:!:. 0,75 to .:!:. 0,5 in tomatoes, and from 
.:!:. 2,0 to 0,75 in cucumbers. After eight weeks it was 0,35 in tomatoes 
and 0,5 in cucumbers, indicating that root growth declined in relation 
to shoot growth. In the sma 11 es t compartmel1ts shoot growth was more 
adversely affected and these seedlings th erefore had a slightly higher 
root/shoot ratio (Fig. 1.1), although this effect was non-significant. 
In a parallel trial with cabbage and lettuce (Glen, 1980), in 
which similar responses were recorded, the seedlings from the smaller 
compartments took longer to mature after transplanting and had lower 
final yields. The longer the seedlings were kept in the container the 
greater v.[as the effect. Tomatoes and cucumbers are, however, long 
season crops and can recover from restrictions in the seedling stage 
to give similar final yie1ds. Gray et at., (1980) found that the size 
of the peat block and the time of transplanting (six weeks versus eight 
weeks) did not affect final field tomato yields, despite the fact that 
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Height and leaf area of tomato and cucumber seedlings 
grown in different sized compartments for different 
lengths of time 
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A recommendation on seedling compartment size must also consider 
costs. Large cavities require more growing medium per plant, have 
higher transport costs as there are few seedlings per tray, take a 
longer time for the root 'plug' to firm up, and must thus be managed 
for longer. 
1.3.4 Conclusions 
Noting seedling growth~and costs, the '128' trays are considered 
to be the most suitable. They have been recommended to, and are used 
by, most local growers. 
1.4 EFFECT OF pH ADJUSTMENJ IN THREE LOCAL MEDIA (Experiment 2) 
1.4.1 Aim Growers initially used two local media for growing seedlings 
viz. vermiculite - the local product can have a pH up to 9,6 (Nelson, 
1969), and local peat - rated at 6 on the von Post scale for measuring 
peat decomposition (Bunt, 1976), and with a pH 5-5,5. Problems were 
soon encountered and as a result this trial was set up to test whether 
an adjusted pH would not improve seedling growth. Similarly to Nelson 
(1969) the vermiculite pH was adjusted using acid or by mixing with peat, 
and that of peat by adding lime. 
1.4.2 Procedure Tomatoes (cv. Heinz 1370) arid cucumbers (cv. Ashley) 
were sown into either local peat, or vermiculite, or a local peat: 
vermiculite mixture. The pH(H
2
0) of each medium was adjusted to 
approximately 5,5, 6,5,7,5 (vJhere possible) by addi ng sulphuric acid 
to the vermiculite, calcitic li me to the peat, and by varying the 
proportion of peat and vermiculite for the mixture (Table 1.3). 
After germination all seedlings were watered twice daily with a 
nutrient solution of 2 g l-1 ® Chemicult (Table 3.8) until normal 
transplanting size, when the final results were taken. The trial 
was a 2x3x3 factorial with 3 replications, and was carried out during 
April, 1980. 
1.4.3 Results and Discussion Tomato and cucumber seedlings had a 
significantly greater plant mass at transplanting when grown at an 
initial pH of 6,5 Cl.scomparedwith 7,5 in all three med·ia (Fig. 1.3). 
In most cases pH 5,5 resulted in an intermediate fresh mass. At any 
given pH the growth was always significantly better in the local peat 
medi um. The peat/venlli cul He mi xture usually resulted in poorer growth 


















































Fresh mass and root/shoot ratio of tomato and cucumber 
seedlings grown in three media adjusted to three pH's 
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TABLE 1.3 Hedia combinations and pHis lIsed in Experiment 2 
Proportions in mix Initial I Final 
r~edi urn TRT (by mass) pH (water) pH (v-!ater) 
Peat/Vermiculite 1 7:1 5,7 6,4 
2 1:2 6,6 7,1 
3 1:12 7,4 7,6 
ml IN H2 SO4 kg- 1 
Vermi cul i te 1 330 6,6 7,2 
2 115 6,8 7,6 
3 0 7,2 7,6 
-
g Calcitic lime kg- 1 
Local Peat 1 0 5,4 6,3 
2 2,85 6,3 6,7 
3 6,25 6,7 7,1 
The response to pH in vermiculite was variable (Fig. 1.3). This 
was probab·ly because the final pH's in the three vermiculite treatments 
were similar (pH 7,2 - 7,6, Table 1.3), all of which were detrimental 
to good growth. 
The significantly best treatment was local peat limed to pH 6,5. 
In cucumbers a s i gni cantly 'greater mean root mass was produced by 
plants grown in local peat at pH 6,5 than in most other treatments 
(Fig. 1.3). In tomatoes most treatme nt s resulted in a similar mean 
root mass and the plants in local peat (pH 6,5) only. had a significantly 
greater root mass than those in peat/vermiculite (pH 7,5) (Fig. 1.3). 
Generally the largest plants had the biggest root systems, with the 
notable exception of the tomatoes and cucumbers in vermiculite 
(pH 6,5), which had relatively smaller root systems than other plants 
at the same pH. 
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As in the previous trial, root/shoot ratios (Fig. 1.3) tended to be 
highest in those treatments which resulted in the poorest growth. Thus 
vermiculite, as a medium, and at pH 7,5, tended to result in plants 
with a relatively large root system in relation to its shoot sytem, 
with a ratio of + 0,6 and 0,4 in cucumbers and tomatoes respectively. 
Cucumbers and tomatoes in local peat had root/shoot ratios of ~ 0,35. 
Although these responses have been attributed to pH it is important 
to note that other properties of the media may have influenced gro't,th 
ego Ca content, Mg content (South African vermiculite has a high Mg 
content) (Table 3.1), and aeration. Physical properties of the two media, 
ego water retention and total air porosity are, hm..,rever, similar 
(Mastalerz, 1977) (Table 3.10). 
The final pHis of the different media were mostly higher than at 
the start, probably due to the fact that the water used had a pH above 
7, and the ® Chemicult solution had a pH 6,5 (Fig. 3.5, Chapter 3). 
Vermiculite especially, tends to take on the pH of the appl 'ied nutrient 
solution, and thus the three pH treatments in this medium ended up the 
same. Nelson (1969) reported a similar finding. 
1.4.4 Conclusions Local peat, adjusted to pH 6,5 with lime , proved a 
suitable medium, and resulted in better growth than a peat/vermiculite 
medium. 
L 5 CO!11PARISON OF SIX COMr~ERC lAL AND. GROWER-FORMULATED t·1ED IA (Experiment 3) 
1.5.1 Aim The aim of this experiment was to compare several different 
media which were being used cOOlllercially ,,~ ith imported peat and other 
local products. 
1.5.2 Procedure Tomatoes (cv. Heinz 1370) and cucumbers (cv. Ashley) 
were grown in various commercial and growe r-formulated media. The 
composition of the six media was as follows:-
1. ® Finnpeat (a pre-enriched, pH stablised, high quality, 
imported Finnish peat, sold as ~ FINNPEAT ST 400 by Starke-Ayres, 
P.O. Box 304 s Eppindust 7475, South Africa). 
2. Local peat (a poor quality sphagnum peat mined near 
Johannesburg, and classified on the von Post scale for measuring peat 
decompoSition as H6 (Bunt, 1976), with lime added ~ ccording to 
Experiment 2. 
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3. Newcastle peat (a poor quality sphagnum peat mined near 
Newcastle, Natal and classified as H5 on the von Post scale). 
4. Amberglo medium (formulated for use in ® Speedling trays by 
Amberglo seedlings, P.O., Merrivale, Natal, and consisting of local 
peat, fine sand and a well matured compost). 
5. Roode-Lyon medium (formulated and previously sold commercially 
by Roode-Lyon (Pty) Ltd., P.O. Box 3323, Pretoria, and consisting of 
local peat, fine sand and a well matured compost). 
6. Biggs'medium (a ve ry well composted pine bark, with a 
relatively small particle size). 
Only the Finnpeat was pre-enriched. 
Seedlings were \oJatered twice daily, until ready for transplanting, 
\'Jith a nutrient solution containi ng 2 g .e.-I ® Chemicult. The trial 
was a 2x6 factorial with six replications, and was started in 
Septembet', 1980. 
1.5.3 Results and Discussion 
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In both toma t oes and cucumbers pl ant nass and plant height were highly 
significantly greatest in ® Finnpeat (Fig. 1.4). Cucumber and tomato 
seedlings had a mean mass of 7 g plant- 1 and 4 9 plant- 1 respectively 
at harvest when grown in ® Finnpeat, as canpared with 5,5 9 plant- 1 and 
2,5 g plant- 1 in the next best (Amberglo) medium. There was no 
significant difference in the fresh mass of seedlings in the remaining 
media (Fig. 1.4). 
The best tomato and cucumber seedlings reached 120 mm in height 
at harvest (® Finnpeat) wh -ich was significantly better than the seedlings 
in other media (Fig. 1.4). Plant height was significantly less in local 
peat and Roode-Lyon's medium than in the other media. 
Generally root mass "Jas greatest where plant growth was best 
(Fig. 1.6). Plants in ® Finnpeat produced the greatest mass of roots 
(PO,Ol), and plants in local peat and Roode-Lyon's medium had the lowest 
root mass. 
The tendency for the root /shoot ratio to be the highest in the 
smallest plants was also recorded here (Fig. 1.4). Thus root growth was 
proportionately greater in the Roode-Lyon medium in tomatoes and cucumbers, 
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The better growth in ® Finnpeat was probably mainly due to its 
slow release nutrient content due to pre-enrichment. Apart from lime 
added to the local peat none of the other media were thus treated. 
1.5.4 Conclusions Better seedling growth was obtained in imported 
pre-enriched peat than in any other locally used medium. It was 
apparent that in any medium pre-enrichment would be beneficial in 
growing seedlings, in spite of regular nutrient solution application. 
In order to avoid the high cost of imported ® Finnpeat a local pre-
enriched medium would have potential and should be developed. 
1.6 COMPARISIONS OF VARIOUS COMM ERCIAL NUTRIENT SOLUTIONS, AND LOCAL 
AND IMPORTED MEDIA (Experiment 4) 
1.6.1 Aim Several commercially formulated nutrient solutions ,,,ere 
compared at the manu fa cturers recoliTl1endations wHh the aim of determining 
which provided for best seedling growth in conjunction with imported · 
peats and other local media. 
1.6.2 Procedure Tomatoes (cv. Heinz 1370) and cucumbers (cv. Ashley) 
were grown in the following fiv e media:-
1. ® Fi nnpea t (see Experiment 3). 
2. Canadian pea t (a pH stabilised, pre-enriched, high quality 
sphagnum peat imported f rom Canada under the trade name ® HEeO 1, 
and distributed in South Africa by the National Plant Food Co. (Pty) 
Ltd., P.O. Box 89, Cato Ridge, Natal. 
3. Local peat and lime (see Experiment 3). 
4. Pine bark - str ipped by a debarking ma chine at a pulp mill from 
logs of Pinus e Uiottii ~ Pi nus taeda and Pinus patula , mi lled through 
a 15 mm screen, and used when approximately 10 v/eeks old. 
5. Roode-Lyon mixture (see Experiment 3). 
The seedlings in each medi um we re watered twice daily with one of 
four commercially available nutrient solu t ions (see App . Table 1 for 
percentage nutrient composition) as follows:-
® 
A. Aquapon - formillated and sold by ,lI,grilab Laboratories, 
pret®ia. ® Aquapon i s sold as trIO concentrated solutions, ® Aquapon 1 
and Aquapon 2, which are diluted according to recommendation, as in 
Table 1.4. 
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B. ~ Chemicult (see Experiment 3), at the rate shown in Table 1.4. 
C •• ® Chemicult Plus' - ® Chemicult at the recommended rate, but 
with an increased level of N, Ca and Mg (Tabie 1.4). 
D. ® Speedling mix - formulated and sold by Roode-Lyon, Pretoria 
and used at the rate shown in Table 1.4. 
The tr.ial,which \'-Ias designed as a 2 x 5 x 4 factorial 
with three replications, was started during November, 1980. 
TABLE 1.4 Different commercial nutrient solutions used wittl the five 
media in Experiment 4. Calculated from percentage composition 
supplied by manufacturer and shown in App. Table 1 
ppm of each element at the glVen rates 
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1.6.3 Results and Discuss ion Media Tomato seedlings, and especially 
cucumber seedlings, g~ew to a highly significantly larger size (total 
fress mass) in the two imported, pre-enriched peats as compared with the 
other media tested (Fig. 1.5). Canadian peat and <ID Finnpeat gave 
21 
equally good results . There were highly significant differences (P = 0,01) 
in the root mass produced by seedlings in the different media, with 
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Fig. 1.5 Fresh mass and root/shoot ratio of tomato and cucumber seedlings grown in five media and watered 







The results for pine bark (Fig. 1.5) in the trial were disappointing. 
The smaller seedlings at harvest were the result of delayed germination. 
This was attributed to the bark having too large a particle size so that 
the top layers dried out excessively. These seedlings grew well after 
germinating but did not catch up to the best seedlings by the time of harvest. 
There was an indication, however, that bark with a smaller particle size 
distribution might produce good results in future research. In contrast 
to earlier trials no significant differences were found between the mean 
root/shoot ratios of seedlings in the different media, although in tomatoes 
the Canadian and Finnish peat had the highest mean ratios (Fig. 1.5). This 
was attributed to a more even growth due to better overall nutrition as 
compared VJith earlier experiments. 
Fertilis~tion Seedling fresh mass differences between the four different 
nutrient solutions tested we re highly significant in all media (Fig. 1.5). 
'<ID ' In all cases except tomatoes in bark and local peat, Chemicult Plus gave 
best results, especially for cucumbers in Canadian and Finn i sh peat) and for 
tomatoes in ® Finnpeat and ® Roode-Lyon mix. In a few treatment combination 
viz. tomatoes in Canadian pea t and bark; and cucumbers in ® Roode-Lyon mix, 
and bark, ® Aquapon was equally good. In the media tested em Chemicult and 
® Speedling used at the recommended rate resulted in significantly smaner 
seedli ngs. 
The root/shoot ratios were again highest (P = 0,05) in the treatments 
which gave rise to the smallest seedlings (Fig. 1.5). Then ® Speedling 
mix resulted in relatively more root gro\'Jth, especially in cucumbers. 
Growth differences in response to the different nutrient solutions can 
be discussed in terms of the elemental composition of each solution, as shown 
in Table 1.4. lID Aquapon and' ® Chemicult Plus' Sqjiplied twice as much N 
{184 ppm versus 91 ppm (® Speedling) and 65 ppm ( Chemicult), and a larger 
amount of Ca and Mg than ® Speedl i ng and aD Chemi cult at the I'ate used. 
'® ' ~n most instances Chemicult Plus was better than, Ot equally as good 
as, Aquapon at the rate used$ using total growth as the criterion. These 
solutions contained equal levels of N, but' ® Chemicult Plus' had more Ca , 
and less P and K. This balance of nutrients was therefore the best of those 
tested, i.e. a 1,4 : l(N:K) ratio. In ® Aquapon this ratio was 1:1,5 (N:K). 
In comparison the Guernsey recommendation is 170 ppm vdth a N:K ratio of 1:2 
(Anon., undated a), the U.K. recommendation 105 ppm N with a N:K ratio of 1:2,5 
(Smith, 1973) and that of VJ-ittwer & Honma (1979) 400 ppm N with an N:K ratio 
of 1:1,5. 
1.6.4 Conclusions Any of the nutrient solutions tested could have 
performed equally well, if the rate per litre was adjusted so that 
the nutrient balance in solution \liaS as close as possible to'® Chemicult 
Plus' solution. The costs of the different treatments are presented in 
detail in Chapter 3. 
Further research is now required using straight chemicals to 
determine the optimum N, P, K, Ca and Mg levels in the nutrient solution. 
1.7 TOWARDS A COMt~ERCIALLY AVAILABLE LOCAL MEDIUM: A COMPARISON OF 
MEDIA WITH DIFFERENT METHODS OF NUTRIENT APPLICATION (Experiment 5) 
1. 7.1 Aim The aim of thi s experiment was to determine whether pre-
enrichment of locally available media would give as good results as 
imported peat, using a recommendation for bark in Scotland (Wilson, 
1981), and a new slow release fertiliser (Anon., 1980c). The necessity 
for watering a pre-enriched medium with nutrient solution was also 
invest·igated. 
1.7.2 Procedure Tomatoes (cv . Heinz 1370) and cucumbers (cv. Marketer) 
were grown in nine different media, some of which were pre-enriched 
with fertilisers according to Wilson (1981), as in Table 3.4 (+ nutrients). 
Others were pre-enriched \liith a resin-based, slo\'! release, complete 
fertiliser named ® LEWATIT HD5. supplied by Bayer Industrial Chemicals 
Division, P.O. Box 1366, Johannesburg. This was applied at 36 l m- 3 
and supplied 225, 110 and 449 9 N, P, K m- 3 • 
The nine different media and pre-enrichment ccmbinations were as 
follows:-
1. Amberg 10 medi.um (see Experiment 3) . 
2. Pinebark (as in Experiment 4 but seived through an 8 mm screen 
to achieve a smaller particle size distribution). 
3. Bark (as in 2) + nutrients (Table 3.4 - Chapter 3). 
4. Bark (as in 2) + ® Lewatit. 
5. ® Gromor rnedi·um (formulated and sold by the National Plant 
Food Co. (Pty) Ltd., Cato Ridge, Natal and consisting of local peat, 
CQ~post, bark and charcoal). 
6. Canadian peat (see Experiment 4). 
7. Local peat + lime (see Experiment 2). 
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8. Local peat + nutrients (Table 3.4). 
9. Local peat + <1') Lev:atit. 
. 1<1') 1 
All media received either tap water only, or the Chemicult Plus 
nutrient solution (Table 1.3, Experiment 4), tvJice daily until the best 
seedlings had reached transplanting size. 
The trial was a 9(media) x 2(nutrient solution) factorial with 
three replications and was started in March, 1981. 
1.7.3 Results and Discussion 
Media Gernlination was quickest (3 days) in the bark, bark + 
® Lewatit and local peat media. There "-las a delayed germination 
(~ 11 days) in ® Gromor and Canadian peat. All other media resulted 
in an intermediate time to germination. 
Fig. 1.6 shm'ls that tomato fresh mass was highly significantly 
better in the bark and bark + ® Le\'Jatit media than all other medoia 
except bark + nutrients, where it was significantly better. 
In cucumbers bark alone vias significantly better than bark + 
nutrients, and highly significantly better than all other 
media (Fig. 1. 7). In both cases Canadian peat and ® Gromor resulted 
in the smallest seedlings. Canadian peat results were in contrast to 
previous findings, and were due to the poor and late gernrination of 
seeds because of over-watering. Initial over",etting of sphagnum peats 
is also a problem with growers and requires careful attention. Although 
these plants improved with time they had not caught up by harvest. 
The ® Gromor mixture resulted in poor germination and poor growth. 
The greatest root mass recorded in tomatoes was in bark + 
® Lewatit, while in cucumbers all three bark treatments and local 
gave rise to good root systems (Figs 1.6 and 1.7). 
peat 
Tomato seedling height was greatest in bark + nutrients, bark + 
® Lewatit and locai peat, with no significant differences between 
these three media (Fig. 1.6). These were significantly better than bark, 
which was significantly better than all other treatments. The response 
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Bark and local peat + nutrients, which only received water after 
sowing, resulted in a relatively goed plant height (Fig. l.l). It was 
noticeable that although plant height in tomatoes and cucumbers was 
greatest in the bark + nutrients medium} this did not result in the 
greatest fresh mass. Thus plants grown in bark had the greatest fresh 
mass and were slightly shorter. In future research the ~rowth of the 
seedlings after transplanting must be followed up to detennine \vhich 
type of seedling grows better und yields earlier. 
Further it must be determined whether height and fresh mass is the 
best criterion of transplantauil ity. It could be that a moderately 
high root:shoot ratio (as in a hardened plant) is a buffer against 
adverse conditions, and "sets the scene" for rapid regrowth (provided 
basic nutrition etc. is not a limiting factor). 
As in earlier experiments, the highest root/shoot ratios (Figs. 
1.6 and 1.7) were recorded in the media in which seedling growth was 
poorest~ i.e. Canadian peat and ® Gromor which received water only. 
Amongst the better treatments in terms of overall growth, the highest 
root/shoot ratios were recorded where ® Lewatit vias added to the bark 
in both tomatoes and cucumbers. Th-is slow release fertiliser obviously 
favoured root growth, usually considered to be a favourable response. 
Post-emergence fertilisntion Using water only i.e. no nutrient 
addition after sowing, resulted in extremely poor growth in tomatoes, 
even where media had been pre-enriched. Mean seedling fresh mass in 
the best such treatment was only 2 g plant- 1 ~ as compared to 10 g 
plant- 1 where '® Chemicult Plus' nutrient solution was used with 
every watering (Fig. 1.6). Similat~ly mean tomato seedling heights 
VJere 2:. 40 mrn as compared with 200 mm for vJater or nutrient solution 
respectively. These poor seedlings had root/shoot ratios of between 
0,4 and 1,Oa5 CCX11paredwith 0,1 to 0,4 for seedlings receiving nutrient 
solution. Thus adding base fertilisers to the medium did not compensate 
entirely for daily watering with a nutrient solution. Regular watering 
appeared to result in severe leaching of the pre-enrichment fertilisers 
in most media. Slower release pre-enrichment fertilisers could help 
overcome this problem and must be evaluated in future trials. 
In cucumbers (Fig. 1.7) the same was not strictly true in that 
local peat pre-endched with nutrients Ol~ ® Le~vatits go.ve equally 
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good growth whether \'iater or nutrient solution was used. Plant heights 
were equally good, and root/shoot ratios were lower (Fig. 1.7). The 
best treatments in cucumbers were, however, where nutrient solution was 
used at every watering. 
1.7.4 ·Conclusions One of the best treatments in tomatoes and cucumbers 
was non-enriched pine bark with daily nutrient solution watering. The 
addition of ® Lewatit gave slightly better growth and root mass in 
tomatoes, but not in cucumbers. Bark itself contains appreciable amounts 
of K, Ca, ~1g and trace elements (Table 3.1), and Gartner & Williams 
(1978) and Gartner (1981) do not recommend addition of Ca to hardvlOod 
barks. 
According to recent findings in Europe (Allen, 1980; Winsor, 1980) 
cucumbers require 30 per cent.less total nutrients in solution than 
tomatoes. The reduced growth where nutrients were added to the medium 
may have been due to too high a salt concentration in the medium. A 
medium and leachate analysis would be required to confirm this. 
Although ® Lewatit gave good results the cost is prohibitive 
(R250 m- 3 at the rate us ed here). Further work with different rates of 
application may be rewarding. Other slow release fertilisers should 
a 1 so be tested to overcome the severe 1 each; ng \-/hi ch occurs with frequent 
watering in seedling t rays. 
1.8 DETERMINATION OF OPT UIUM RATE AND TIME OF NUTRIENT APPLICATION FOR 
PRE-ENRICHED PI NE BARK (Experiment 6) 
1.8.1 Aim Some alternative to daily nutrient solution application ' 
would simplify management for growers. The objective was firstly to 
test the application of the same total amount of nutrients a) once 
daily, b) once every second day, or c) once a week. 
Three different rates of nutrient application were also tested to 
confirm earlier findings, and to determine whether a higher rate would 
compensate for loss of leached nutrients where water was applied on 
occasions. 
1.8.2 Procedure Tomato (cv. Heinz 1370), lettuce (ev. Great Lakes) 
and cabbage (cv . Gloria Osena) seedlings were grown in pre-enriched 
(Table 3.4) pine bark milled through and 8mm screen. Only the results 
for tomatoes wi 11 be repm'ted here. 
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Three different rates of <IS> Chemicult \vith added Ca(N0 3 )z were 
applied in solution or as a solid. 
In solution they were applied either: 
(a) once per day (200 mls/tray),with water once per day, (b) 
once every second day with water at other times. Each plot received 
the same total amount of fertil iser. These two treatments were compared 
with(c) apply-ing the same total amount of ® Chemicult once per "leek, 
sprinkled over the medium in solid form and wa tered in. 
The three rates of ® Chemicult and Ca(N0 3 h used, and the total 
amounts of each element applied are shm'ln in Table 1.5. For treatment 
(b) a double strength solution VJas used once every second day. For 
treatment (c) 0,7 g Ca( N0 3h + 0,7 g <IS> Ch emicultwere applied per tray 
once a vJeek at the lowest rate, 1,4 9 Ca(N03 h + 1,4 9 ® Chemicult 
at the intermediate rate, and 2,1 9 Ca(N0 3 )z -I- 2,1 g ® Chemicult at 
the highest rate. At all other times these trays received tap water 
only. 
The trial was a 3x3x3 factorial with 3 replications. 
1.8.3 Results and discussion On average , the best treatment (fresh 
mass) was \vhere nutri ent solution vias appli ed every day at the highest 
rate (Fig. 1.8). This was significantly better than weekly application 
but not significantly better than the same rate appli ed once every 
second day (Fig. 1.8). Using solid fertilisers did not cause as good 
growth, and the best treatment was significantly worse than 
the daily application at 0,5 g [-1. 
There were no significant differences in the root mass of seedlings 
in the different treatments (Fig. 1.8). In all treatments root/shoot 
ratios It/ere ~ 0,3, and only at the 1,5 g r 1 rate applied every second 
day was this ratio significantly lower. 
1.8.4 Conclusions Results showed that a daily application of the 
medium strength solution, containing 184, 27 and 130 ppm of N, P and K 
r~spectively, gave rise to good seedling growth. There was no signifi-
cant difference between applying this once per day or once every second 
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TABLE 1.5 Elemental concentration in solutions containing different 
amounts of ® Chemicult and Ca(N0 3 )z, and total amount of 
nutrient applied to seedlings in Experiment 6. Calculated 
from percentage cornposit -jon -in App. Table 1 
---II. Nutrient cone. in soln. 2. Amount nutrient (mg plant- 1 
lcont~~ning x g .e.-I ® Chemicult + wk- 1 ) from 200 ml per tray (24 
xgl· Ca( NO:;)z plants) per day of solns. in 
-1 (mg.e- ) 
x = 0,5 x = 1,0 x = 1,5 0,5 I 1,0 1,5 
N 92 184 276 5,4 10 s 7 16,1 
P 13,5 27 40,5 _ 0,8 1,6 2,4 
K 65 130 195 3,8 7,6 11 ,3 
I 
7 ,1 14,2 21 ) Ca • 122 244 366 I 
Mg 12,5 25 37,5 0,75 1,5 2,19 
S 35 70 105 2,05 4,1 6,1 
Fe 0,75 1,5 2$25 0,045 0,09 0,13 
Mn 0,12 0,24 0,36 0,07 0,14 0,02 
B 0,12 0,24 O~36 0,07 I 0,14 0.02 
Cu 0,01 0,02 0,03 0,0006 0,0012 0,002 
Zn 0,025 0,05 0,075 0,0015 0,0029 0,004 
Mo 0,005 0,01 0,015 0,0003 I 0,0006 0,009 
I I I I I I I ,- I . . .. 
The good growth of the seedlings also confirmed the suitability 
of pine bark as a growing medium for seedlings. 
1.9 GEN ERAL DISCU SSION AND CONCLUSIONS (Chapter 1) 
1 
The research t'eported here has shown that by using pine bark, of 
\'Ihich lal~ge continuous supplies are availabie locally, at a reasonable 
price, growers can get repeatably good results, provided that their 
nutritional manag ement is correct. 
The particle size distribution in the bark is important. For 
seedling trays, a bark which has been milled through an 8 mm screen 
has g'iven the best Y'csults. BQl"k mi 11 ed through a 16 mm screen resulted 
in pooY'er germinat ion, dried cut more qUickly, and gave rise to a loosely 
packed compartment in \-,hich t he centre did not \'Jet pror2rly. Larger bark 
particles also have a lower moisture retention (Ga rtner~ Still & Klett, 
1973), and form a loose plug which tends to fall iln;; V'-r- :1+ +"':>n~""~_"'': __ 
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Sieving a milled bark through a. mesh smaller than 8 mm results in 
too fine a product which tends to pack, and gives rise to poorer 
drainage and aeration (Gartner et al." 1973; Nixon, 1981). Pokorny 
(1973; 1975) suggested that pine bark material having 70 to 80 per cent. 
of the particles in the 0,6 to 6,35 mm range and 20 to 30 per cent. 
less than 0,6 mm in size \Alas most suitable as a general medium. 
Detailed discussion on particle size distribution is presented in 
Chapter 3. 
The author has also noted that pine bark from mature trees produces 
a better product than that from young trees, as the latter is more fibrous 
and does not mill as easily. 
In the first trials the best results were obtained with Canadian 
peat and ® Finnpeat, but subsequently equally good results were obtained 
"lith pine bark. In compari son with imported peats, bark has sim'ilar 
water retention and total porosity properties (Table 3.10) (Mastaler2, 
1977), but is better drained; Some germination problems have resul ted 
in imported peats which were too wet at the start, especially in coolet' 
weather. but with bark this has not been a prob1em. 
The bark medium in the latest trials has also always been better 
than local peat or local peat mixtures, which have usually contained a 
fine sand to improve drainage. Addition of sand, hO';Jever, is not 
l'E:comrn ended as it makes a full seedl'j ng tray heavy to handle, and 
decreases the porosity and aeration (Gartner et al." 1973; Mastalerz, 
1977) . With bark thi sis unnecessary. 
The nutritional studies reported here have confinned that a nutrient 
solution with a high N:K ratio (1,5:1) has given the best results in 
terms of total growth. In addition, it has been shown that continuous 
nutrient feeding is superior to alternate feeding and watering, and to 
the application of a solid topdressing at intervals. Recommendations 
from Speedling Inc. in America (Roode, 1981) indicate that a hardening 
off period prior to transplanting is advantageous. This is carried out 
by reducing the N content of the nutrient solut'jon such that in 
. " 
proportion, the P level is higher. A N:P:K ratio of 1:~:1 during this 
stage may then be more suitable. This would reduce aerial growth, 
ther-eby proportionally favou r ing the roots (increased root/shoot ratio). 
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Further research on the liquid feeding programme is required to 
detenn-ine the optimum levels of N:P and K, and hmIJ and when the levels 
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shaul d be changed duri.ng the grmIJth peri ad (keepi ng economi c factors in 
mind). The timing of the first nutrient solution application after 
germination, or at germinatio~, should also be investigated, especially with 
a view to reducing costs. For a detailed cost analysis see Chapter 3. 
The necessity for watering with trace elements, as well as having 
them in the FRIT fom in a pre-enriched medium should also be examined. 
Management would be simplified and costs reduced if a simple N, P and 
K solution was used. Speed"ling Inc. use a pre-enriched peat with 
vermiculite and polystyrene and recommend a nutrient solution containing 
NH 4 N0 3 , Ca(N0 3 )2 and KN0 3 only (Anon., 1973). 
In bark, pre-enrichment of the medium was beneficial in tomatoes~ 
but not with cucumbers where a complct~ liquid feed was used. More 
basic research is requ ired using chemical analysis of the media and plant 
material. Such facilities were not available at the time of thisstudy 
but must be included to make future research more l!Ieaningful. 
Frequent watering results in heavy nutrient losses through leaching. 
Attempts to provide the total nutritional requirement through pre-
enrichment have so far been unsuccessful. Considering the ease of 
management in such a system furthet research in this direction is 
justified, and tests with new slow release fertilisers could be useful. 
According to Gunt (1976) "'later soluble fertnisers create hvo types 
of problems in sonless media. They can result in high salinity values 
or they can be easily removed by leaching. These problems have been 
approached experilnenta lly by the use of resins with ion exchange prope~ties. 
Nutrients are released from the resin by exchange with other ions in the 
irrigation water. 
<ID Lewatit, tested in these experiments, is such a resin, and 
although it did not always result in the best seedling growth further 
research into different rates of application could be rewarding. Even 
though the cost may be higher the convenience in management terms COUld 
be worthwh n e. 
Other slow release fertilisers would also be less susceptible 
to leaching (Kofranek & Lunt, 1966; Bunt. 1976) and may hold an . . .,. 
advantage for pre-enrichment, but also may not release their nutrients 
at a fast enough rate for vigorous seedling growth. 
Further research is also required on the effect of the root/shoot 
ratio on recovery aftel~ ttansplanting i.e. the biggest seedlings, with 
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a low root/shoot ratio, may not be the best in the long term. Subsequent 
growth, earliness of flowering and yield must also be examined, especially 
since these variables may be affected by the size of compartment, nutrient 
solution, medium and length of growing period in the container (Glen, 
1980). Hardening off before transplanting should increase the root/ 
shoot ratio and may result in better recovery, espec 'ially under stress 
conditions. These effects need to be examined more closely. 
In conclusion, the stage has been reached where pine bark, of the 
correct particle size distribution, can be recommended locally for 
tomato and cucumber seedling production. At the present time best 
resuits have been \vhere this medium was watered as required \'IHh a 
total nutrient solution containing an N:P:K ratio of 5:1:3 plus Ca, Mg 
and trace elements. Some refinement is necessary, under South African 
conditions, of the levels of nutrients applied both in pre-enrichment, 
and in the nutrient solution. 
While the author's results have given vc.luuble leads, the underlying 
explanations of the responses obtained have been difficult to unravel. 
Further research must be backed by continuous salinity monitoring, ego 
with a direct-reading conductivity meter, and by medium and tissue 
analysis. Lack of equipment, facilities and time precluded this in 
the above investigation. 
CHAPTER 2 
ECOLOGICAL ASPECTS OF TOMATO AND CUCUMBER GROWTH AND YIELD 
IN PLASTIC TUNNELS 
2.1 LITERATURE REVIEW 
South African plastic tunnel growers have to rely on imported 
tomato and cucumber cultivars, bred and selected under European 
conditions with controlled greenhouse temperatures and relatively low 
irradiance levels. Such cultivars are expected to perfonn vlell under 
the variable and often extremely high summer air temperatures in South 
Africa, using structures which offer only limited forms of climate 
control. Therefore a knowledge of the ecology of the crop, and of the 
tunnel environment, is an important consideration where climate 
modification is to be practised. 
The work reported here investigated the plant's response to local 
tunnel environments and to various other factors including spacing, 
rooting medium volume and shading. 
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2.1.1 Tunnel Environment The environment inside a naturally ventilated, 
plastic covered tunnel in South Africa has been studied at Pietennaritzburg 
(North et aZ.~ 1978; North, 1979; Savage, 1980a; Savage & Smith, 1980; 
Smith & Richards, 1980); Pretoria (Oosthuizen & Millar-Watt, 1978; 
Hammes et aZ.~ 1980) and Stellenbosch (Maree & Laubscher, 1976a; b; 
Maree 1979a; b; c). 
Transmission properties for clear, ultra-violet (uv) light-stabilised 
plastic sheeting have been given by Dubois (1978), and the effect of a 
water film by Savage (1980a). Com~ercial plastic in South Africa 
generally reduces incoming il~radiance (see 2.2) by 2:. 10 per cent. when 
new, increasing to 2:. 30 per cent. after two years exposure (North et aZ.~ 
1978; Savage & Smith, 1980). 
Generally temperature profiles under plastic with natural ventilation 
only are characterised by an up to 10 °c higher maximum day time temper-
ature in summer, and a 1 to 3 °c higher minimum night temperature in 
winter. Savage (1980a) has given detailed air temperature profiles. 
The extremes in temperature can be reduced by using shadecloth, or 
whitewash (Maree 1979a; b). The maximum temperature then seldom rises 
above ambient, and the minimum remains 5 to 7 °c higher than under plastic 
alone, or 8 to 10 °c above ambient. 
Similar night temperature effects are caused by thermal screens, 
the subject of much recent study for energy saving in heated green-
houses in Europe and the U.S.A. (Allen, 1980; D'Flaherty & Maher, 1981; 
Roberts, Mears, Simpkins & Cipol1etti, 1981). 
Good daytime ventilation helps control excessively high temperatures 
and lO\'Jers relative humidity (North, 1979; Savage, 1980a). 
The 'roll-up' sides tunnel used by the author (Anon., 1978) 
provided for efficient ventilation. ~lith the lower sides rolled up, 
maximum daytime temperatures were not higher than ambient. In other 
types of tunnels ventilation is supplied by opening the doors as well 
as the gaps at the joins in the plastic strips covering the tunnel. 
2.1.2 Tomato Ecology The native habitat of the tomato is the \'Iestern 
coastal plainof northern Sou t h Ameri ca, stretching frcm Ecuador, through 
Peru, into Chile. Over the six months of the growing season the ait 
temperature changes are small. During the growing season the minimum 
night temperature is 15 °C, and the absolute maximum day temperature is 
19,4 0C. The daylength ranges from approxi mately 11,5 hours to 12,5 
hours. The relative humidity is high, varying from 65 to 85 per cent. 
Heavy mi sts are common reducing the radiation intensity considerabiy 
(Cooper, 1971). 
In commercial tomato growing optimum t emperatures are in the range 
21 to 24 DC, with a mean monthly minimum of not less than 18 °C, and a 
mean monthly maximum of not greater than 27 °c (Rick, 1978). 
According to Williams (1973) seed germination is fastest at 18 °c 
day/night. He recommended the same temperature for the first tv.JO weeks 
after germination, followed by 18°C day/lS,5 °c night until the first 
truss buds were visible. Guernsey recommendations (Anon., undated a) 
are that early seedling growth should be at 18 °c day/night changing 
to 18/16,5 °c day/night after 17 days until .first flowering. Witt wer 
& Honma (1979) advise that tomato seedlings should be grown at 15-18 °c, 
with a 10 day cold treatment of 11-l3 °c starting at cotyledon expansion 
to induce flowering at a lower leaf node , and more flowers per truss. 
In tomato seedlings the numbe r of leaves formed before the first 
truss and the numbet of flowe rs in that truss vary \I/ith season, and 
are temperature dependent (Lawrence, 1954; Calvert, 1973). First 
t russ initiation l however , takes place at a constant plant fresh mass 
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(Klapwijk & de Lint, 1975; Klapwijk, 1981). Under cooler conditions 
with reduced radiation intensities the plant produced more, smaller 
leaves before the first truss. In warmer, higher radiation conditions 
fewer, larger leaves were fm'med to the same stage. Early phosphate 
nutrition may also playa role (t~enary & van Staden, 1976). 
During the bearing period, recent day/night air temperature 
recommendations in the N. hemisphere are 18/15,5 °c (Anon., undated a); 
18/17 °c (Wi 11 i ams, 1973), 21-26 °C/16-19 °c (Moore, 1975), 18-23/ 
15-18 0C (Wittwer & Honma, 1979),21-24/17 °c (Anon., 1980a), 21-24/ 
16-18 °c (Anon., 1981c). 
Latest research aims at lower night temperatures to reduce 
heating costs (Swatton, 1978; Hurd, 1981). Selection of cultivars 
which yield better at lower temperatures has also been carried out in 
the U.K. (Allen, 1980) and at higher temperatures in Israel (Elhi1ma di , 
1977), and in South Africa (Smith, 1980). 
Large diurnal fluctuations in temperature cause leaf curling and 
'beaking' on fruit (Moorat, 1981), symptoms often seen in South Africa. 
Cooper (1973b ) reviewed the effect of root temperature on 
growth. Recent interest in NFT has resulted in more research into 
these effects. 
Winsor, Hurd & Price (1979) recommended that the NFT solution be 
kept at 23 °c. Heating the solution to 25 °c in a greenhouse at 26/18 °c 
or 20/13 DC did not improve overall yields. Although there was an 
increase in fruit size, fewer fruits were produced at the higher night 
temperature (Maher, 1978). Hurd (1981) tested root temperatures of 17, 
22 and 27 °c combined with night air temperatures of 8, 12 and 16 0c. 
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Higher root temperatures with lower air temperatures resulted in a later 
first harvest as a result of excessive vegetative growth. At optimum air 
temperatures, increased root temperatures resulted in increased total yields 
but with poorer fruit quality, mainly due to boxy and hollow fruit. At 
less than 15 °c root temperature, deficiency problems were encountered 
through poor nutrient uptake. 
According to Allen (1980) any root temperature less than 16 °c 
causes a growth check. Root growth is restored at 23°C. In South 
Africa, Savage & Smith (1980) have reported potting medium temperatures 
fluctuating between 4 D and 24 DC in plastic tunnels in winter. 
Fretz (1971) measured media temperatures of 45 °c in polyethylene 
containers. Exterior colours had a significant influence on medium 
temperatures. Yellow, silver and white containers significantly 
reduced media temperatures. None of the soilless media tested reduced 
the temperature. 
Pollination is also temperature dependent. Pollen formation is 
abnormal above 32 °c and below 13 °c (Calvert, 1964; 1973; Wittwer & 
Honma, 1979; Anon . , 1981c). Stevens & Rudich (1978) hnve shown that 
even four hours at high temperatures five to nine days before the 
flowers open, reduced pollination. They also noted stigma exsertion 
at high temperatures. 
At ambient temperatures below 13 °c and above 27 °c pollen 
germina t ion and pollen tube grOl .... th may al so be abnormal (Calvert, 1964; 
1973). Generally, ex posure of most cultivars to 26/20 °c (day/night) 
results in severe bloss om drop, wh i le 30/20 °c prevents fruit set 
(Stevens & Rudich, 1978). Rick (1978) states that exposure to 42 °c 
for a short period resu lts in no f ruit set taking place for one week or 
more afterv/a rds. Cons i deri n9 that the outs i del i ns i de temperature 
difference in inadequately ventil ated tunnels in South Africa may reach 
14 °c at high irradiance levels (1 000 W m- 2 ) (North at aZ., 1978; 
Maree, 19 79c), fruit set probl ems can be expected and do occur, eg. " 
Oosthuizen & Millar-Watt (1978), and experiments reported in Chapter 3. 
Be"ing a C3 plant (Salisbury & Ross, 1978), individual leaves of 
the tomato are satu ra t ed at relatively low irradiance levels (Calvert, 
1973) (less than one t hird summer irradiance levels in South Africa). 
In America and Europe irradiation becomes a limiting factor in green-
house tomato production at times (Wittwer, 1949; Hemphill & Murneek, 
1950; Marr & Hillyer, 1968; Sheard, 1972; Calvert, 1973; Maas & Adamson, 
1980), and prevents winter production. Rodriguez & Lambeth (1975) 
working in Missouri, U.S.A., found that supplementing the natural light 
in winter with top lights resulted in an 89 per cent. yield increase in 
tomato plants. 
Kinet (1977) and Klapwijk (1981) showed that daylength, as well 
as l~adiation intensity, affect the growth of greenhouse tomato plants. 
The growth rate was grea ter at higher irradiation intensities, but at 
the same irradiance level, growth was faster at longer daylengths. 
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Artificial lighting in greenhouse tomato grovling is usually not 
economical (Moore, 1975). Growers in European countries, however, 
take measures to make more efficient use of the .available irradiance 
by laying a 'v'lhite reflective plastic on the floor, which also acts to 
isolate growing bags from the soil U·1oorat, 1981). 
Whilst total radiant density 'is not a problem in tunnels in South 
Africa it could become one through wrong spacing practices. This study 
(Savage & Smith, 1980; Smith & Richards, 1980) has shown that decreasing 
the in-row spacing from 400 mm to 200 mm lov/ered the yield by 0 :5 kg 
per plant. Similarly, in America, Rodriguez & Lambeth (1975) recorded 
1 kg plant -1 more fruit at a spaci ng of 500 x 480 mm as compared wi th 
410 x 380 mm, which in turn yielded 1 kg more than at 410 x 250 mm 
spacing. In Georgia (U.S.A.) Harper, Pallas, Bruce & Jones (1979) 
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found that in 2 m tall plants 15-25 per cent. of available solar radiation 
was transmitted to the floor surface at a spacing of 450 x 450 mm (2,5 
plants m- 2 ). They subsequently increased their plant populations to 
3,3 plants m- 2 with a far better radiation interception pattern. 
Recommendations for plant spacing in tunnel tomatoes vary from 2,5 
to 3,3 plants m- 2 (Table 2.1). The final recommendation must balance 
yield ha- 1 with costs, management and fruit quality (Wittwer & HonOla, 
1979) . 
TABLE 2.1 Recommended spacing practices for greenhouse tomatoes in 
different growing areas 
Spacing arrangement 
Author Plants Plants 01 2. (mm) 
ha- 1 m- 2 plant- 1 Double rows 
Betv/een row In row 
Anon. (undated a) 23 350 2~3 0,43 500 480 
Ki ngham (1973) 33 358 3,3 0,30 500 380 
Wittwer & Honma (1979) 22 239 2,75 0,36 790 480 (f an 
24 710 2,4·7 0,40 790 450 (s. umnli 
Anon. (1980b) 27 000 2,7 0,37 500 400 
Maas & Adamson (1980) 38 000 3,8 0,26 300 380 
Smith & Ri chards (1980) 27 000 2,7 0,37 500 400 
t,1arec (1981b) 25 000 2,5 i 0,40 600 400 I 
I L I . I 
Irradiance and daylength can also affect flowering and fruit set 
in tomato. Kinet (1977) found that high irradiance levels and short 
days gave rise to earlier and better flower development than long days 
and low irradiance. Mostly, however, the age at anthesis is less in 
long daylengths (Sheard, 1962). Wittwer (1963) Calvert (1973) and 
Kinet (1977) agree that the tomato is a qualitative short-day plant in 
respect of flowering. 
Calvert (1964) in a review of factors affecting pollination, 
concluded that flower abscission may occur at low irradiance levels. 
This is mainly due to the formation of non-viable pollen, and stylar 
exsertion (Rodriguez & Lambeth, 1975). 
Increasing the CO 2 concentration can result in increased photo-
synthesis rates in greenhouse tomatoes, and hence increased yields 
(Anon., undated a; Calvert, 1972; 1973; Calvert & Sl~ck, 1975; 1976; 
WittV/er & Honma, 1979; Anon., 1980b). There is a strong interaction 
between CO2 enrichment and temperature, and irradiance . Higher tempera-
tures and irradiance levels result in a greater response to CO 2 
enrichment (Calvert, 1972; 1973; Calvert & Shck, 1975; Salisbury & 
Ross, 1978; White, 1978). The recommended level of CO 2 in greenh ouses 
is 1 000 ppm. 
Conditions in South Africa could result in good responses to 
higher CO2 levels, but the structures used and higher temperatures 
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inside the tunnel s present problems. Continuous ventilation is essential, 
making CO 2 enrichment difficult. In badly ventilated tunnels North 
et at. (1978) have shown that CO 2 levels are often belo'l'I ambient, and 
therefore limiting. 
High CO 2 levels also cause partial stomatal closure in several 
crops, which can result in a reduced water usage, without affecting 
production (B ierhuizen & Slatyer, 1965; Tinus, 1974; Enoch, Rylski 
& Spiegelman, 1976; Wiebe, 1981). 
The response of the tomato plant to different times of planting 
has been described by Cooper (1964) and Klap\<Jijk (1981). Crop specifi-
cations have been made for mony countries ego U.K. (Kingham,1973), 
U.S.A . (Wittwer & Honma, 1979), Canada (Anon.,19BOb, Anon., 1981c) 
and Guernsey (Annn., undated a). 
In South Africa Oosthu1zen & Millar-Watt (1978) found that fruit of an 
acceptable size was harvested in tunnels during May, June and July (autumn/ 
winter). During August (late winter) there was a decline in fruit size, 
continuing through September and October, with some improvement in November 
and December. Small fruit size was related to poor pollination in flowers 
whose time of anthesis was from mid-April to mid-September, during which time 
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the minimum temperature was often belov! 10 °C. Similar effects have been 
recorded by Maree & Laubscher (1976a) in Stellenbosch and Smith & Richards (1980) 
in Pietermaritzburg. Pollination problems have also been recorded in mid-summer 
due to excessively high temperatures. 
Reducing the irradiance with shadecloth or whitewash paint has been 
effective in reducing summer tunnel t emperatures to ambient (Maree, 1979b). 
Too heavy shading (60 per cent.), however, caused yield and fruit size reductions 
in tomatoes on the South Afric'an highveld in summer (Hammes et al.> 1980). In 
this study the plastic coveting of the tunnel reduced the photosynthetic photon 
nux density to 80 per cent. of that. outside (2 000 wE m- 2 S-l). ~/ith 20 per 
cent. shade cloth this was reduced to 1 200 wE m- z S-l. 
The volume of growing medium in modules in Europe is 42 i, allowing 
14lplant- 1 (Arlen, 1980; Moorat, 1981; yJilson, 1981). In Canada (Anon., 
1981c) slightly less is recommended (10 l) in pl astic bags with single plants. 
In sand beds Jensen (1975; 1980) (Ari zona) suggests a bed width of 600-750 nm, 
with a depth of 300 mm. Theoretically, a bed with dimensions 100 m x 0,6 m x 
0,3 m vJOuld contain 18 m3 (18 000 l) of sand. At a plant spacing of 450 mm 
in the row (Table 2.1) a double row of plants would number 444. resulting in 
40,5 l of sand per plant. 
Guttormsen (1974) recorded optimum yields in 28-30 dm 3 of peat per 
plant. Adamson & Maas (1976) conducted extensive studies into bed size ilnd 
volume of medium and concluded that small volumes of medium will produce good 
crops of greenhouse tomatoes. They recommended a two plant bag containing 
18,4· lof sawdust i.e. 9,2 l plant-I. 
2.1.3 fucumber Ecology The cucumber is probably a native of Asia and 
Africa, and there is evidence that it has been cultivated in Western 
Asia for at least 3 000 years (Whitaker & Davis) 1962; Ware & McCollum, 
1975). Greenhouse cucumbers differ from field cucumbers in that they 
have thinne~softer skins and are seedless. They are a warm-season 
crop, seriously damaged by frost. Generally, mean daily temperatures 
of 18-24 °c are most favourable for gro\,/th (Ware & McCollum, 1975), 
but heat is not as essential for cucumbers as it is for other 
cucurbits. 
For germination of greenhouse cucumbers Bauerle (1975) and 
Adamson (1977) recommended that seeds should be pre-sprouted by 
placing them bet ... !een moist towels at 25-30 °c for 48 h. Sprouted 
seedlings should then be placed into the growing medium and kept at 
25 °c for the next few days, followed by 24/18 °c day/night until 
transplanting. Anon. (1981c) suggests germination at 21-25 °c in 
seedling flats. 
Recommended greenhouse growing temperatures after transplanting 
are 26°C on sunny days and 24 °c on overcast days, with night 
temperatures not below 18°C (Bauerle, 1975). Wittwer & Honma (1979) 
recommended a day temperature of 28°C with minimum temperatures not 
below 21 °C. Anon. (198Gb) and Anon. (1981c) suggest 20-23 °c on 
sunny days or 18-20 °c on cloudy days, \'Iith a ni ght temperature of 
18°C. European growers are advised to use 21/19 °c for the first 45 
days, followed by 19/17 °c thereafter (Anon., 1980a). 
Slack, Hand & Hurd (1978) compared cucumber growth and yield at 
four night temperatures (14, 17, 20 and 23 °C) with a constant day 
temperature of 20 °c for up to eight weeks after first harvest, and 
then 20/17 °c for the rest of the season. The highest night temperature 
improved the early yield, but in the long run the 20 °c night temperature 
produced the highest yield and gross monetary return. 
Slack & Hand (1979; 1980) subsequently tested different day 
temperatures (16, 19, 22, 25 °C) up to six weeks after the first 
harvest, followed by 19/17 °c for the rest of the season. Early yields, 
and nett profit in the long run were highest at 22°C. 
Milthorpe (1959) found that fi~ld cucumbers required an optimum 
temperature of 24°C for both assimilatory activity (NAR), and the 
expansion of assimilating surface (RCGR). Challa (1976), in extensive 
growth studies with greenhouse cucumbers considered 25°C the optimum 
growth temperature, and showed that the CO2 uptake of five leaf plants 
was still increasing at that temperature at an irradiance of 200 W m- 2 , 
the maximum level tested. 
43 
44 
Recently the use of thermal screens to save energy in cold climates 
has received much attention (O'Flaherty, 1974; Allen, 1980; Roberts et aL., 
1981). In most cases in Europe the use of the screen has resulted in 
reduced yields, attributable to shading frQ~ the folded screen in the 
day (t~oorat, 1981) . However, Allen (1980) has noted that ill cucumbet~s 
the relationship between leaf temperature and air temperature is critical. 
Apparently the thermal screen decreases yields in cucumbers because the 
leaf temperature remains higher in the evenings, with the screen in place. 
The plant's metabolism is not suited to removing carbohydrates accumulated 
during the day under such conditions. It is thus recommended that the 
screen should only be closed after sunset, once l eaf temperature has 
decreased. 
Greenhouse cucumber root growth temperatures should not be belc\'J 
18 0C (Bauerle, 1975). In studies with young cucumber plants grown 
with different soil, but unifo rm air t emperatures (~ 23 OC) the shoot 
and root growth was increased by higher soil temperatures up to 30 °c 
(Gohler, 1975). In an early crop (Spring in Europe) the early yield 
was highest where soil heati ng was used. Inadequate soil temperatures 
resulted in severe chlorosis, poor root formation and lower early yield. 
Chermnykh, Chugunova & Kosobru khov (1975) recorded that in greenhouse 
cucumbers the maximum volume of photosynthetic tissue (leaf area and 
thickness) was found under conditions of optimal root temperature and 
norma 1 i rradiance (not sti pul ated). Hi gher and lOvJer temperatures than 
optimum resulted in a decrease in t he leaf surface area, and a reduced 
leaf thickness. At the same time chlorophyll a and b content in the 
leaf decreased. Shading of the plants caused a decrease in chlorophyll 
content, increase in leaf area, and decrease in leaf thickness. 
Ludwig & Withers (1978) measured the 24 h CO2 exchange of the first 
leaf of cucumber seedlings. The measurements were made in an environ- . 
ment of 50 W m- 2 PAR for 10 h, 2 g m- 3 CO2 , 20 °c day/night and a vapour 
pressure deficit of 0,7 kPa. As the leaf developed the net rate of 
photosynthesis per unit leaf area steadily increased and the rate of 
dark respiration declined. As a result, over the 24h period, the net 
gain of carbon per unit leaf area by CO 2 exchange steadily increased 
from 2,2 gC m- 2 for the young leaf to 5,6 9 C m- 2 for the fully 
expanded leaf. Comparable figures for the net gain of carbon per leaf 
over 24 h were 5,1 mg C for the young leaf to 71~1 mg C for the fully 
expanded leaf. In the young l eaf about 28 per cent. of t he net carbon 
fixed during the 10 h light period was respired during the following 14 h 
of darkness. This proportion steadily decreased as the leaf developed. 
and was about 8 per cent. in the fully expanded leaf. 
Measured transpiration rates were low at all stages of leaf 
development and stomatal resistance to CO 2 transfer was high. However, 
the plants were grown in a high CO 2 concentration (2 g m- 3 ) and at 
this level stomatal resistance did not significantly limit photo-
synthesis (Ludwig & Withers, 1978). 
CO 2 levels in greenhouses in Europe and America are kept at 900 
to 1 000 ppm for cucumbers, as for tomatoes (Bauerle, 1975; Slack & 
Hand, 1979; Wittwer & Honma, 1979; Anon., 1980a; b). CO 2 enrichment 
of Israeli field cucumbers to 3 000 vpm increased early side shoot 
development. As the side shoots had a higher proportion of female 
flowers the number of fruits per plant was increased (Enoch e t aZ.~ 
1976). The cucumber, like the tomato, is a C3 plant and individual 
leaves are saturated at relatively low irradiance levels. Sale (1977) 
recorded maximum net CO2 upta ke rates at about 600 to 800 W m- 2 in 
field cucumbers. 
Under high ra.diation dry summer conditions in South Africa (800-
I 000 W m- 2 ) Maree (1979b) found that cucumbers still yielded well 
under 60 per cent. shadecloth over plastic at ~ 300 lumens wk- 1 , as 
compared to + 750 lumens wk- 1 under plastic alone. Under shade maximum 
temperatures were up to 10 °c lower, and minimum temperatures were up 
to 5 °c higher. This work was conducted at Stellenbosch (34 Os lat.), 
with dry summers and relatively long days. 
Spacing may also affect irradiance levels in the crop canopy, and 
too close spacing can reduce yields. Maree & Laubscher (1976b) showed 
that at Stellenbosch an in-row spacing of 600 mm resulted in higher per 
plant yields, but lower per hectare yields as compared with 400 mm. 
Spacing recommendations worldwide for greenhouse cucumbers are 
summarised in Table 2.2. 
In a container system the volume of growth medium is also of 
importance . European growers have had success with cucumbers grown in 
traditional tomato ba.gs with 42 .e. of medium for 3 pla.nts i.e. 14 .e. 
plant-I. Allen (1980), however,fee ls that the module size should be 
increased t o 0,056 m3 (56 l ) or 18,7 l plant-I. 
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TABLE 2.2 Recommended ~pacing practices for greenhouse cucumbers 
according to different authors 
Plants 
f 
m2 Spacing arrangement Plants I Author ha- 1 m- 2 plant- 1 in a double row 
(mm) 
Between I In 
rows rows 
Bauerle (1975) 15200 (fall) 1,52 0,65 
17 600(~prin~)1 1,76 0,56 
Anon. (1980a) 15 400 1,54-1,19 0,65-0,84 
~non. (1980b) 14 700 1,47 0,68 500 450 
~non. (1981c) 10 000 1,0 1,0 
Sin91e I rows I . 
I 
~i ttwer & Honma 13 000 1,3 0,76 I 1 500 I 500 
(1979) I 
Maree (1981c) 16 600- 1,6-) ,4 0,63-0.7.1 I 1 200 I 500-600 13 BOO 
I 
I 
Adamson (1977) and An on, (1981c) recommend that \'Ihere plants are 
grown in wooden-sided beds or plastic bags there should be at least 
0,028 m3 (28 l) of medium per plant, in this case sawdust. Maree (1981c) 
found 14 l plant- 1 to be superior to 9 l plant- 1 , and in recent trials 
has used 20 l of sawdust per plant. 
2.2 GENERAL PROCEDURES 
2.2.1 Structures Early work (section 2.3.1 and 2.4.1) was carried out 
in a small (15 x 8 m) plastic tunnel, orientated E-W, as described in 
Section 1.2 with environmental features given in 2.3.3. The effect of 
shading on cucumbers ·(2.6) was studied in a 30 m x 8 m x 3,5 m high 
® Gundle 'roll-up sides' tunnel (Anon., 1978) orientated N-S, and 
cove'red with 150 11m thickness ® Uvidek 602 greenhouse sheeting, a U'J 
stabilised clear polyethylene. The transmission properties of the 
plastic were reported by North (1979), and Maree (1979a; b; c) and are 
discussed later. Fruit growth studies were carried out in a fully air 
conditioned, temperature controlled glasshouse, part of the phytotron 
complex at the Faculty of Agriculture, Pietermaritzburg. Temperature 
control to + 2 DC was possible, but daylength was not controlled. 
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2.2.2 Growing Methods Cucumbers and tomatoes \'iere grown in 'individual 
black plastic bags with 13 i or 10 t of medium respectively, unless 
otherwise stated. The medium was usually a 3:1 mixture of local peat 
and Umgeni river sand (a coarse grit). In some later experiments 
(where stated) the medium VJas pine bark milled through a 16 mm screen. 
The tunnel floor was covered with a black plastic mulch, and the 
pots were arranged in furrows 011 top of the plastic in double rows at 
a spacing of 500 mm x 500 nU11 9 unless otherwise stated. The plants were 
watered three times daily by a gravity feed system, via polythene pipes 
and microtubes, from an asbestos tank containing a solution of 2 9 i-I 
~ Chemicult (see App. Table 1 and Table 1.3). 
The plants were grown to a single stem, and trained up a 
polypropylene string, attached to an overhead wire at 2,7 m height. In 
cucumbers first fruiting was only allowed to take place at the eighth 
node, usually ~ GOO n~ above pot level. Routine fungiCide and insecticide 
sprays were applied weekly. 
2.2.3 Climate Terminology and t·1eas.urcment 
Irradiance or radiant flux density (W m- ~ ) is the total (short 
\-/ave and long wave) radiant ene rgy received per unit area per unit time 
(Savage, 1978; 1979a; b). 
Total radiant density (J m- 2 ) is the radiant energy received per 
unit area. Over a given day the total radiant density is defined as 
In Idt, where I is the irradiance, t is the time and 10 indicates an 
integration over the days length n (Savage 1978; 1979a; b). 
~ho.!:! "'lave radi ati on is a tenn used for rad 'j at; on wavelengths 
between 300 and 3 000 nm (Rosenberg, 1974 ). Long I'JdVe radiation refers 
to radiation with wavelengths between 3 000 and 60 000 nm. 
Photosynthetically active radiation (PAR) is that radiation with 
wavelengths between about 380 and 720 nm which produces a photosynthetic 
response. 
Incoming shot,twave solar radiation was measuted using a ® Weather 
Measure line pyranometer, commonly referred to as a tube solarimeter. 
The copper-constantan thermop'ile of the pyranometer is 200 mm long, with 
the entire detector assembly housed in a glass tube. This was ideal 
for the measurement of shott wavelengths as the glass is opaque to long 
wavelength radi ati on (Kubin, 1971; Dubois, 1973). The instrument was 
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factory calibrated against a source traceable to an Ame~ican National 
Standard. A microvoltmeter was used to measure the voltage output 
from the pyranometer. 
Photosynthetically active radiation (PAR) was measured using a 
<ID Li-Cor quantum sensor, also factory calibrated. 
Radiation profiles were obtained by placing the instruments at 
different height s in the canopy, in the centre of a central double 
row of plants. Usually this was done at hourly intervals on several 
clear days during the trial. 
Temperatu re of the potting media was measured using three wire 
resistance thermometers (Savage, 1980b). These were inserted into the 
sides of pots 100 mm from the surface, and connected to a constant 
recorder. 
~af r~s istance to v/at er vapour movement was measured using a 
®Lambda diffusion parameter. The porometer \oJa s calibrated at six 
temperatures beb'>'een 14 and 36 DC using calibration plates supplied by 
the manufacturers. From the slope and intercept values of these curves, 
a temperature coefficient converting all time values (time taken to move 
from 20 to 60 per cent. relative hum idity) to those at 25 DC, was 
obtained. The humidHy sensing element was shielded from radiation 
using an aluminium foil covering. In situ, the sensing el ement was 
housed in a desiccator. The abaxial l eaf resistance of four leaves per 
plant was measured, usually at hou r ly intervals, on selected represent-
ative days. 
Leaf temperatures were recorded with a ® BAT-4 (Bailey 
Amplifying Thermocouple) clip thermometer, which was attached to the 
abaxial surface of four leaves per plnnt at one recording time. The 
thermometer vIas s hi e 1 ded from direc t tad i at i on. 
Air temperatures were measured using sheltered resistance 
thermometers connected to a constant recorder. On occasions an 
® Assman psych rometer, pl aced at a standard height (1,4 m) was also 
used to measure temperature and rel ative humidity. 
2.2.4 Growth An.~ lysis At each sampl"ing the med-ium was carefully and 
thoroughly washed from the roots, keep-jng the roots as i nta.ctas 
possible. The f resh and dry mass of roots, leaves, stems and fruits 
of each plant i'/cre dete rmi n~d . Leaf area vvas measured using a 
48 
49 
® The fo 11 ow; ng growth ana 1ys is formu1 ae Li-Cor leaf area meter. 
were used (Hunt, 1978): 
1. LAR (leaf area ratio) 
leaf area (m2 g-l) = leaf mass 2. SLA (specific leaf area) 
W2 - \h 
(g plant- 1 day-l ) = - tl tz 3. CGR (crop growth rate) 
4. RGR (relative growth rate) 
10gew2 - log WI day-I) e (g = tz - tl 
Wz - WI log LA2 - 10geLAl 
e (g m- z day-
5. NAR (net assimilation rate) = tz---::t~ x --rAz -' LAI 
where w? is the mass (9) at current week tz 
WI is the mass of previous week tl 
and LAI and LA2 the leaf area (m2) at 
times tl and t 2 • 
2.2.5 Statistical Analysis See 1.2 
2.3 TOMATOES - EFFECT OF SPACING AND VOLUME OF MEDIUM ON ENVIRONMENT, 
GROWTH AND VI ELD (Experiment 7) 
2.3.1 Aim To quantify the radiation environment and meC\SUl'e the 
yield of tomatoes in a tunnel, growing in different volumes of medium 
and at different spacings. 
2.3.2 Procedure Tomato (cv. Angela) seed was sown on 1979:02:25 in 
local peat in ® Speedling trays and transplanted into the pots in the 
small tunnel (2.2) on 1979:03:13. General procedures were as described 
in 2.2. 
The trial was laid out as a 2x2 factorial with split plots and 
three replications, with 4 plants per sub-plot. Each replicate 
consisted of one double ro\,! of pl ants running the length of the tunnel, 
There weJ'e two between-tow spaci ngs (600 mm/300mm) and two 'in-row spacings 
(400 and 200 mm) as the v:hole plot factors, vlith four volumes of medium 
(17 i, 13 i, 10 i and 7 i) as the sub- plot factor. The four spacing 
arrangements were therefore: 300 x 400, 600 x 400, 300 x 200, 600 x 
200 mm, hereafter referred to as A, B, C, 0, respectively. 
Records included plant height, number of nodes to first truss, 
height of first truss, and the mass and number of fruit per truss. 
Any fruit v.Jith u. mass less than 30 g \'Jas not inciuded in the yield 
figures. The number of flowers per truss was recorded in Rep. 2. 
Radiation profiles were recorded in the centre double row of plants. 
2.3.3 Results and Discussion 
The radiation environment 
a} Irradiance profiles Three-dimensional graphs of the irradiance 
at different heights above pot level at different times of the day are 
shown for the 300 x 400 mm and 600 x 400 mm spacings on 1979.05.16 and 
1979.05.02 respectively (Fig. 2.1). The crop height at the time of 
measurement was 1,5 m and 1,2 m above pot level respectively. 
Irradiance levels at midday above the crop canopy, but inside the 
plastiC, were typically 600 W m- 2 , reduc ing dm'!n to very low levels at 
pot height (~ 50 W m- 2 ) in the close between-row spacing (Fig. 2.1a). 
At the wider between-row spacings more irradiance (100 - 200 W m- 2 ) 
reached the lower levels of the canopy at midday (Fig. 2.1b). In 
closely spaced rows (Fig. 2.1a) maximum irradiance did not occur at 
solar noon, but an hour before and after. The diurnal . radiation profile 
was thus M shaped as more irradiance was intercepted by the crop when 
the sun was directly overhead. 
In the wider spaced rows (Fig. 2.1b), where the leaf canopy was 
not as dense, maximum irradiance in all layers of the canopy was 
generally at solar noon. 
b) Radiant density profiles The daily radiant density was 
calculated by integrating the irradiance curves from 8hOO to 16hOO 
for each treatment, at different heights in the canopy. Fig. 2.2 shows 
the daily radiant energy absorbed by each layer on four different days. 
In the close spuci ngs (300 x 200 10m) the upper layers absorbed most of 
the radiant energy, this occurring to a lesser extent in the 300 x 
400 ~n spacing. At the widest spacing a more even amount of energy 
"las absorbed by each canopy -layer, -inc..\"icating that more energy ViaS 
reaching the lower levels of the canopy. 
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IrNdiance as a function of local time in different layers 
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The percentage of total daily radiant energy available in the 
different layers in the crop (Fig. 2.3) shows that the top 300 mm 
layer of the crop had 70 per cent. available radiant energy in the 
widest spacing, compared with 50 per Gent. in the close spacing. In 
the middle layer of leaves there was 45 per cent. energy available 
in the wide spacings, but only 20 per cent. in the close spacing. 
At the lowest canopy level nearly 30 per cent. remained in the \'Iide 
spacing,cQm paredwith only10 per cent. in close spacings. 
Growth and yield 
a) Growth rate Plant height measurements (Fig. 2.4) showed that 
the wider in- row spacing (400 mm) resulted in a slower increase in 
height than the close in-row spacing. The between-row spacing had 
little effect. Although there was no significant difference in 
growt h rates between plants in different pot volumes it was evident 
that the plants in t he small pots were spindly ) with longer internodes, 
thin stems and a smaller leaf area - all indications of an etiolation 
effect. 
b) Position of the first tru ss The number of nodes to the first 
truss vari ed f rom 8 to 10 with no significant differences between 
treatments . 
The height to the first truss was s ignificantly greater in the 
close in- row spacing than the wide in-row spacing. Between-row spacing 
had no effe ct on thi s parameter (Fig. 2.5). 
Pot volume al so significantly affected the height to first truss, 
this being higher as the pot volume decreased. This was especially 
the case at closer in-row spacings (Fig. 2.5). 
c) Yield Fig. 2.6 shows the main effects of spacing and pot 
volume on plant yields. The 400 mm in-ra'." spacing produced a 
significantly greater mass of fruit per plant than the 200 mm in-row 
spacing. Varying the behJeen-row spacing had little effect on yield. 
Pot volumes from 10 l upwards gave significantly higher yields 
than the 7 l pot volume. The _best volume tested, however, appeared to 
be 10 l, with a sli ght reduction in yield at 13 l (NS) and 17 l 
(significant at 5 %) (Fig. 2.6) . The interaction between the different 
spacings and pot vol umes (Fig. 2.7) showed that the highest yield at 
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at close in-row spacings plants in the largest pots performed badly, 
and therefore at those spacings there was a disadvantage in using a 
large volume of medium. At the wider in-row spacing plants in larger 
volumes of medium yielded equally well as those ih 10 t. 
In comparison to quoted yields these were not high due to the 
limited size of the tunnel. The time of planting also iesulted in 
poor pollination in the higher trusses which set during cooler winter 
'.'/eather. 
The lowest yield in the l arges t volume tested may have been related 
to a watering problem whereby a single microtube did not wet all the 
medium efficiently. Adamson (1977) and Maree (1981c) recommend two 
microtubes per pot. 
d) Total number of fruit per plant Plants in the 300 x 400 1T'J1l 
spacing produced significantly more fruit than plants in the other 
spacing combinations (Fig. 2. 8a ), with the wi der in-row spacing 
resulting in an average of G fl'uit per plant more than the close -in-
row spacing. Between-row spac ing did not significantly affect the 
number of fruit produced per plant. 
The smallest volume of medium tested resulted in significantly 
fewer fruit per plant than the other volumes (Fig. 2.8b). The average 
plant, topped at the overhead wire> produced ~ 48 fruit from 7 trusses. 
e) Mean fruit mass There was no significant difference between 
treatments in the overall mean fruit mass per plant, ",hich averaged 
76 g. 
f) Yield components of the individual trusses There was a decline 
in the yield per truss up the plant (Fig. 2.9a)~ and this occurred in 
all treatments. The lowest yield per truss was always in the 7 f pots 
at close spacing, with little difference between the other volumes. 
The spacing effect, however, was notable, and is important. Fig. 2.9a 
shows that the yields tended to be better at higher trusses where 
the in-row spacing was wider. 
As wi th the yi e 1 d per truss ~ there ''las also a dec 1"i ne in the 
number of fruit per truss up the plant in all treatments (Fig. 2.9b). 
Again, it was significant that at the ~ider in-row spacing the plants 
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The mean fruit mass of each consecutive truss (Fig. 2.9c) decreased 
until the sixth truss, with a slight increase at the seventh truss. 
The average size of fruit on each truss was greater in the 400 mm in-
row spacing, especially on the third and fourth trusses. At higher 
trusses the close spacing treatments, which had the least number of 
fruit tended to produce slightly larger sized fruit. 
The decreasing yields and fruit size per truss are typical for 
this time of planting in this region. As reported by Oosthuizen & 
Millar-Watt (1978) th is occurs on trusses set in mid-winter when little 
pollination takes place due to minimum temperatures being too low for 
viable pollen formation (Calvert, 1964;1973). The slightly improved 
fruit mass on truss 7 resulted from these flowers developing in spring 
during warmer weather . 
.A.s th-is period °is a high price period for tomatoes, any horticultural 
practice (such as a wider in-row spacing) which results in higher yields 
of fruit deserves attention. 
f) Flower numbers and fruit set These counts were only made in 
Rep. 2 and therefore could not be ana lysed. The number of flowers per 
truss vari ed considerably and trends were hard to define . In some 
treatments the fourth truss tended to produce the most flowers . The 
percentage of flowers which set and produced a marketable fruit 
(Fig. 2.10) decreas ed with increasing truss number, and was generally 
higher at the wider in-row spacing. 
Generally, although the wider spacing did not increase the number 
of flowers per truss, yield was increased due to higher fruit set and 
larger fruit size as compared with close spacings. This dHference was 
especially evident for the upper trusses. 
2.3.4 Conclusions 
A wider in-row spacing of 400 mm resulted in a slower increase 
in plant height due to a reduced internode length. At close spacings 
the faster increase in plant height appeared to result from competition 
for radiation with the plants having a spindly growth habit, especially 
for 7 l pot volumes. The reduced radiant energy recorded within close 
spacings °in this trial ~",as also found by Harper et al.
o 
(1979), Kedar 
& Retig (1968 ) and Klapwijk (1982) also found that decreas ed irradiance 
levels increased the internode length in tomatoes. 
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Rodriguez & Lambeth (1975) recorded the highest per plant yield 
at a spacing of 510 x 410 mm, with a yield reduction as the in-row 
spacing was reduced. In the present trial the highest per plant yield 
was at the 300 x 400 mm spacing, although this was not significantly 
greater than the other combinations. The higher yields of plants 
at wider in-row spacings, suggest that in-row "spacing was a 
critical factor. At wider in-row spacings there was a more even 
distribution of radiant energy through the canopy (Fig. 2.2), whereas 
in the close in-row spacing more energy VJas intercepted by the upper 
layers. 
With respect to pot volumes the highest per plant yield was 
recorded in the 10 t volume of medium, with apparently (but not 
significant) lower yields at greater pot volumes, especially at close 
spacings. It would seem that under our environmental conditions the 
more restricted root volume in 10 t of medium gave rise to a better 
balanced plant in terms of vegetative grm-lth and fruiting. A possible 
reason for the lower yield in larger volumes of medium was that the 
plant became too vegetative to the detriment of yield. 
The 10 t volume of medium is lower than that recommended for 
peat (Allen, 1980; Moorat,1981; Wilson,1981) and for sand (Jensen, 
1980) but iss imi 1 ar to Canadian recommendati ons for savJdust (Adamson 
& Maas, 1976; Anon., 1981c). In general smaller volumes of medium 
require better watering management. The system chosen must balance 
cost with ease of management and yield. In spacing work it is not 
the optimum yield per plant that is important, rather the total yield 
per tunnel area, in conjunction with the required quality of product 
(Wittwer & Honma, 1979). Table 2.3 shows the yields of the different 
spacing arrangements tested. Obviously at the closer in-row spacing 
there would be twice as many plants per tunnel so the yields per unit 
area were far higher. Note that the yield was not double, as the per 
plant yields were lower at the close spacing. At close spacing pest 
and disease management under Natal conditions are also a problem. 
Cons·jdering all "factors it would seem that an intermediate plant 
population would be best. This could be achieved by either: 
a) Using a 300-350 mm in-rm"" spacing on a 4 double rov; system 
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to give 746-640 plants per tunnel or 3,1 - 2,7 plants m- 2 respectively, or 
TABLE 2.3 Total number of plants and projected yield in a 30 x 8 m 
tunnel with 1 m door space at each end using yields from 
Experiment 7 
Spacing (mm) Total yield 
Pl ants 2 Yield Yield Total m 
63 
Between In No. m- 2 plant- 1 
per tunnel 
(tonnes ha- 1 ) (kg m- 2 ) (kg) 
row row plants 6 trusses 
plilnt- 1 
i 
300 x 400 520 2,2 0,45 8,20 1963 82,0 
600 x 400 520 2,2 0,45 7,98 1914 79,8 
300 x 200 1040 4,3 0,23 14,45 3468 144,5 
600 x 200 1040 4,3 0,23 13,56 3254 135,6 
b) By us 'ing the 300 x 400 mm spacing but including an extra single 
row of plants on each side of the tunnel to give a population of 640 
plants per tunnel (2,7 m-~). Alternatively a five double row system could be 
used, which would reduce the cost of the irrigation system slightly. 
It has already been noted (Table 2.1) that worldwide spacing 
recommendations result in a plant population varying from 2,3 - 3,8 
plants m- 2 • The results of this experiment support these recommendations 
for Natal conditions. 
2.4 TOMATOES - DIURNAL TEMPERATURE VARIATION IN A PLASTIC TUNNEL, AND 
IN DIFFERENT SOILLESS MEDIA (Experiment 8) 
2.4.1 Aim To measure air and potting medium temperatures in a plastic 
tunnel with tomatoes planted in different media in black plastic bags. 
2.4.2 Procedure An experiment comparing the growth and yield of 
tomatoes in eight different media (Table 2.4) in the small tunnel 
(2.2.1) was carried out during February to September, 1978 (autumn/ 
winter/spring). Full details of the procedure and the different media 
are given in 3.3. Pot temperatures in each medium were measured (2.2.3) 
in the central double row of three double rows of tomatoes in the tunnel 
during June and July. Temperatures were also recorded in 3 pots on the 
northern row of plants in the E-W orientated tunnel i.e. 3 pots on the 
exposed sunny side of the tunnel, in direct solar radiation for the 
major portion of the day (No.9, 10, 11 in Table 2.4). 
The plants (cv. Hotset) were grown in 10 l black plastic bags 
according to normal procedures. 
2.4.3 Results and Discussion Table 2.4 shows the minimum and maximum 
medium temperatures in the various pots for the period 78.06.15 to 
78.07.14. In the centre row, the 1:3 peat and sand mixture had the 
highest medium temperatures during the day. The next highest day 
temperatures were recorded for peat and vermiculite (1:1). Sand also 
had high day temperatures. In the northern row of pots, maximum 
temperatures were up to 10 °c higher than the centre row. 
TABLE 2.4 Mean daily maximum and minimum and mean pot t empera tures 
for the period 78.06.15 to 78.07.14, together with Y'ield 
data. The pot number is indicated to the left of the pot 
media type 
Mean of da ily Mean of da'ily Plant 
Pot media maximum minimum 1"1~an yield 
( DC) (OC) ( C) (kg) 
1. Peat and sand (1:2) 13,4 6,4 9,9 2,27 
2. Sand 14,1 6,1 10,1 2,02 
3. Peat and vermiculite ( 1 : 1) 13,6 7,5 10 ,6 2,54 
4. Polystyrene and peat ( 1 : 1 ) 13,3 6,1 9,7 1,65 
5. Peat and sand (1:3) 14,7 6,2 10 ,5 3,J.6 
6. Perlite 13 ,6 6,4 10 ,0 2,98 
7. Vermicul ite 13,2 7,0 10 ,1 2,43 
8. Peat and perlite ( 1: 1) 12,3 6,4 9,4 2,73 
9. Perl ite 18,6 7,6 13,1 3,29 
QO. Peat and sand (1: 3) 23,5 6,2 14,9 3,86 
11. Peat and ve rmiculite (1: 1) 
I 
20,9 7,3 14,1 5,59 
The 1:1 peat and perlite mixture had the lowest mean temperature of 
all media (Table 2.4). 
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Minimum temperature differences were smaller. Peat and sand 
(1:3) experienced relatively low temperatures, but the peat and 
vermiculite (1:1) mixture had higher minimum temperatures. In fact, 
both the vermiculite and peat: vermiculite media appeared to retain 
more heat energy than most of the other media during the night. 
Polystyrene and peat (1:1) and sand, experienced the lowest night 
time temperatures. The peat and sand (1:3) medium generally had the 
highest day pot temperatures, the greatest diurnal pot temperature 
range, and the highest mean temperatures. 
The diurnal air and pot temperatures of the different mixtures 
are shown for a 24 h period in two different weather situations: 
a) A sunny clear day and the following night(Fig. 2.11). 
For the period shown, outside air temperatures were close to 0 °c 
at 06hOO, and reached a maximum of 20 °c at 14hOO. The temperature 
climbed sharply between 08hOO and 10hOO and decreased more gradually 
between 16hOO and 20hOO. 
The air temperatures inside the tunnel rose sharply with the 
increase in outside air temperatures, but climbed to a higher maximum 
of 24 °C. The tunnel cooled faster than the outside air in the 
afternoon (15hOO to 18hOO), but thereafter the rate of cooling slowed 
down so that the tunnel was a few degrees v/armer during the coldest 
time of the day (06hOO). 
Pots with venniculite tended to remain the warmest at night, which 
is indicative of the insulative character of venniculite. Thus the 
peat:vermiculite mixture did not heat up to the highest temperature 
during the day, but was wannest at night. The peat:sand (1:3) mixtul'e 
became warmest during the day (15 °C), but cooled to a greater extent 
at night. For some unexplained reason the peat:polystyrene mixture 
became very cool at night. 
b) A cloudy night and the following day. 
Under cloudy night conditions "less radiational cooling takes place. 
Thus the air an~ pot temperatures remained relatively warmer at night 
under these conditions (Fig. 2.12). 
It was, however, still noticeable that the peat: vermiculite 
mixture remained the warmest dUY'ing the night period and peat:polystyrene 
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Fig. 2.11 Potting mixture and air temperatures during a sunny 
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Fig, 2.12 Potting mixture and air temperatures during a cloudy n~ght 
and the following day 
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An examination of individual plant yields in the pots measured 
(Table 2.4) shows that the two highest yielding plants tended to have 
the highest pot temperatures. 
Treatments 10 and 11 (Table 2.4) were on the northern side of 
the tunnel and can be compal~ed with treatments 3 and 5 which \vere the 
same medium but in the centre doub'le row. Fig. 2.13 shows that on a 
sunny clear day the maximum temperature in peat:sand on the outer row 
was 24°C as compared with 15,7 °c in the centre ro'iJ. For peat: 
vermiculite the temperatures were 21 °c and 13°C respectively. 
Table 2.4 shows this pot tenlperature difference between the corresponding 
tt'eatments over aperiod of one month. In both cases the yield per plant 
in the same medium was higher 'tlith a higher pot temperature (Table 2.4). 
Considering that the optimum root temperature for tomatoes is 
23 °c (Hinsor e t a.z.~ 1979), and shoull! not fail below 16°C (fl,l"Ien, 
1980) it is surprising that the plants yielded relatively well. 
Vegetative grovlth was reasonable and no deficiency symptoms were evident. 
In summer the author has measured potting medium temperatures up to 
35 °C,ascompared vnth Fretz (1971) who measured up to 45°C in nursery 
containers. In South Africa, if tunnels are orientated E-W then the 
pots on the north side should be protected in summer. The author hus 
successfully used white paint. Generally, however, growers ar'e advised 
to erect their tllnnels N-S to overcome this problem and for improved 
light relations. 
The pot temperature profiles shown in Table 2.4 and Figs. 2.11, 
2.12 and 2.13 may be explained by comparing the air filled porosity 
(ga) values given by Mastalerz (1977), in volume per cent (Table 3.10). 
The thermal conductivity will depend mainly upon Ga. 
The greater the thermal conductivity the greater the daily range 
in pot temperature. ga is greater than 30 per cent. for perlite whereas 
for peat and sand (1:3) Sa is 10 per cent. (Mastalerz, 1977) . Hence 
perl i te wi 11 have a sma 11 er thermal conducti vity thD.n peat and sand. 
Sand, and peat and sand both have Sa i 10 per cent. and had higher pot 
temperatures. For vermiculite ga > 25 per cent., and hence a sma"il 
therma 1 conducti vity ,. and re 1 ati ve"ly 1 m'ler pot temperatures. 
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Moisture retention in the different media (Table 3.10) will also affect 
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Fig. 2.13 Comparison of between row pot temperatures (for 1978:06:26, 
a hot day) with two pots in the centre row and two on the 
northern (sunny) side 
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2.4.4 Conclusions Day/night potting medium temperatures fluctuated 
between + 24 °c and ~ 6 °c depending on the type of potting medium 
and the position of the pot in the tunnel. Sand:peat mixtures had the 
highest day temperatures and the highest diurnal range in 
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temperatures compared with vermiculite in which the diurnal range was 
smaller. , Generally the plants grew and yielded relatively well considering 
that the recommended root tempera ture for tomatoes 'is 23 °C. 
2.5 CUCUMBERS - EFFECT OF TEMPERATURE AND LEAF: FRUIT RATIOS ON 
FRUIT GROWTH (Experiment 9) 
2.5.1 Aim Fruit abortion is often a problem under local conditions in 
tunnel cucumbers. This experi ment was designed to measure the effect 
of temperature and leaf area on fruit growth. 
2.5.2 Procedure Cu cumbers (cv. Pepinex) were grown during summer , 1980 
in pl astic bags containing 15 l milled pine bark, in a controlled 
temperature glasshouse at 2 temperature regimes viz. 22/17 °c and 
18/15 °c day/night. The length and diameter of 10 developing fruits 
for each trea tment were measured at regular intervals. 
At the start of each set of measurements a record of total leaf 
area was made by measuring the length of all leaves on the plant. Leaf 
length was related to l eaf area using North's (1979) correlation whereby 
10 mm of leaf length was equivalent to 1 750 mm 2 of leaf area. 
At the lower temperature regime fruit growth was compared in 
plants with a full l eaf compl ement, and with half the leaf area; as 
well as between pl ants with two as compared to one developing fruit. 
A compar'ison vJas also made between fruit growth on old plants (.2:. 4 m 
stem length) and young plants (~ 2 m stem length). At both temperature 
regimes the total leaf length of each plant was from 0,3 to 0,4 m. At 
22/17 °c this was adjusted to 0,37 m on all plants at the start of 
measuring, and at 18/15 °c to 0,3 m or 0,15 m according to treatment. 
This resulted in a leaf area of 0,6475 m2 , 0,5250 m2 and 0,2625 m2 in 
the ,three treatments respectively. 
2.5.3 Results and Discuss ion 
Fig. 2.14 shm'ls that cucumber fruit growth curves were typically 
sigmoid shaped, similar to most fruit (Leopold & Kriedemann, 1975). 
The shape of the curve varied with temperature, leaf area and the 
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Fig. 2.14 Cucumber fruit growth curves (a) at d-ifferent day 
night temperatures, and with different leaf area per 
plant, and (b) with different leaf areas and numbers of 
fruit per plant at 18/15 °c 
The largest fruit were produced on plants with the maximum leaf 
area tested (0,6475 m2 ) growing at 22/17 °c and with only one fruit per 
plant (Fig. 2.14a). In these fruit the slope of the exponential phase 
was greatest and occurred for the longest time (~ 14 days). Fruit on 
plants growing at 18/15 °c and with a smaller leaf area grew to a shorter 
final length, and had a flatter sloped ~urve in the exponential phase, 
which occurred over a shorter time (! 10 days) (Fig. 2.14a). The 
smallest leaf area (0,2625 m2 ) affected fruit development to a greater 
extent. 
Where two fruit were allowed to develop at the same time on plants 
with different leaf areas (Fig. 2.14b), the first fruit which set always 
predominated and grew to a greater length, as reported by de Stigter 
(1969) in seeded cucumbers. The start of the exponential phase always 
occurred earlier in the first fruit which set and lasted for a longer 
period. The fruit length was always larger on plants with the greatest 
leaf area. The greatest difference in growth between two fruit on one 
plant occurred at the smallest leaf area. 
In this experiment plants were also grown at a temperature regime 
of 30/20 °C. At this temperature no fruit set took place until the 
plants were nearly 3 m in length. Normal flowering took place but all 
flowers senesced without appreciable development. Flower abscission is 
mo~tly seen where growers apply insufficient fertiliser and plants have 
a smaller leaf area than desirable. 
Further, summer temperatures inside tunnels in South Africa are 
often 30/20 °c (t,1aree ,1979a';b; c; North) 1979) and reported flower 
abscission under these conditions appears to be a high temperature 
effect. Allen (1980 ) reported reduced yields using thermal screens 
due to resulting higher night leaf temperatures which prevented carbo-
hydrates built up during the day from being translocated. In the 
author's opinion high temperatures probably also induced severe 
internal water stress, food reserve depletion due to high respiration 
rates, and disturbe,d hormonal relationsh -ips at a critical time leading 
to abscission layer formation in the peduncle. Physiological research 
is requited to further examine these effects. 
Fruit growth research is also important in determining if any 
flower pruning is necessary, for if a fruit will not develop to a 
marketable s"ize (> 300 mm) it should be removed ea)~ly on. ~10st present 
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reconmlendations are that where two flowers form per node, one should be 
removed (Anon., 1981c). 
Although a plant with reduced leaf area can still produce a 
relatively large fruit it produces fewer total fruits as there is a 
high percentage of flower abortion. 
Leaf:fruit ratios require further investigation. 
regimes should be teste~ in conjunction with different 
Fruit dry matter accumulation should be recorded. 
More temperature 
fertiliser regimes. 
2.5.4 Conclusions Leaf area and temperature have been shown to affect 
fruit growth rates and the eventual size to which a fruit grows. A 
o 22/17 C 
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reduced leaf area resulted in smaller fruit. Plants growing at 
tended to produce larger fruit than those growing at 18/15 °C. At 30/20 °c 
a high proportion of flower abscission was recorded. 
2.6 CUCUMBERS - EFFECr OF SPACING AND VOLUME OF MEDIUM ON ENVIRONMENT 
GROWTH AND YIELD IN SUMMER (Ex periment ]0) 
2.6.1 Aim As in tomatoes thi s research \-las undertaken to quanti fy the 
growth of the cucumber under 1 oca 1 conditi ons, and to measure its yi el d 
in response to factors like spacing ~nd pot volume. 
2.6.2 Procedure Cucumber (cv. Pepinex 69) seeds were sown in 
® Speedling trays on 1979:10:15 and transplanted into pots containing 
a 1 local peat :3 sand medium in the small tunnel (2.2.2). 
The experiment vIas laid out exactly as for tomatoes (Experiment 7:-
2.3.2) and cons isted of a 2 x 2 factorial with split plots and three 
replications, each replicat ion consisting of one double row of plants 
running the length of the tunnel. There '.'/ere two between-ro\-I spacings 
(600 mm and 300 mm ) and two in-row spacings (400 mm and 200 111111) as the 
whole plot factors, with four volumes of medium (17 l, 13 l, 10 land 
7 l) as the sub plot factor, and four plants per sub plot. 
Records were taken of the numb er of fruit harvested per plant) the 
fruit mass, fruit length and total yield from first harvest (1979:11:20) 
until 1980:01:10. By this time treatment differences had clearly shown 
up and the plants in the close spacing had started to deteriorate . 
Radiation profiles (2.2.3) for each spacing treatment were obtained 
during December in the centre double row of plants. Potting medium 
temperatures(2.2.3) were also recorded during December in the 10 l 
pots in the centre double row of plants, in each spacing treatment. 
2.6.3 Results and Discussion 
a) Irradiance profiles Fig. 2.15 shows three dimensional 
graphs of irradiance as a function of local time, and height above 
pot level for the different spacings on a typical sunny summer day 
(1979.12.07). 
At midday the above-plastic irradiance level was over 1 000 W m- 2 • 
This was reduced to + 600 W 01- 2 inside the tunnel, above the crop. 
For close between-row spacings (Figs. 2.15b and d) the irradiance 
was reduced to low levels « 200 W m- 2 ) within 500 mm of the top of 
the crop. With wide between-row spacings (Figs. 2.15a and c) slightly 
more irradiance penetrated to pot level. 
A slight peak in the irradiance level was reached at 13hOO in 
wide spaced rO\oJs, \'Jhereas in the close spacings the level of irradiance 
in the canopy layer below 1 m remained uniformly low all day 
(.:!:- 40 W m -2). 
Three dimensional irradiance profiles in the four spacing treat-
ments are given in Fig. 2.16. Generally the widest spacing had the 
highest irradiance at all levels in the canopy. There was a reduction 
in the amount of irradiance as the between-row spacing and the in-row 
spacing was reduced. Ninety per cent. of the irradiance was intercepted 
by the top 1 m of canopy of the plants, which were 2 III high at the time 
of the measurements. 
b)Radiant density profiles (2.2.3) Radiant density levels at 
different heights in the canopy on 1979:12:21 are shown in Fig. 2.17. 
Typical outside levels were ~ 25 000 kJ m- 2 , reducing to 19 000 
kJ m- 2 within the plastic, and to 5 000 kJ m- 2 at 1 m above pot level 
within the crop canopy. These levels can be compared with those at 
Lee Valley Experiment Station, U.K., where maximum outside summer 
radiant density levels reach 16 000 kJ m- 2 (Anon., 1980a). 
As with irradiance, there was a greater percentage radiant 
density (Fig. 2.18) at all levels in the canopy in the wider spaced 
rows. The lowest percentages were recorded in the closest spacings 
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Fig. 2.15 Irradiance as a function of time and height above pot level for different spacings on a typical sunny 
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canopy at different spacings on 1979:12:21 
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(300 x 200 mm). The plastic covering reduced the incoming radiant 
density by 30 per cent. 
c) Air and pot temperatores Fig. 2.19 shows the mean weekly 
air tenlperature outside and inside the tunnel for a one-week period, 
together with the temperature of the potting medium in 10 l pots in 
the different spacing arrangements. Midday air temperatures inside the 
tunnel were! 3 °c higher than uutside air temperatures, this difference 
reducing to + 1 °c at the coldes t part of the day (03hOO). Maximum 
temperatures-inside the tunnel were typically! 32 - 35 °c, reaching 
40°C on hot days~ and minimum air temperatures were 17 - 19 °C. Normal 
daily temperatures thus fluctuated widely around the recommended 20°C 
(Slack et al., 1978; Anon.,1981c). 
Pot temperatures did not fluctuate as widely as air temperatures, 
with maximum and minimum levels reaching 28 °c and 18 °c respectively. 
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Pot and air temperature fluctuations were related, there being approximately 
a 3hOO lag of pot temperatures behind air temperatures (Fig. 2.19). 
Pots in the different spacing arrangements had similar temperatures, 
the exception being the 300 x 400 mm spacing which had a lower minimum 
and higher maximum. This treatment was closest to the door in the 
replicate in which measurements were taken. 
In the comparable trial with tomatoes in winter (2.3) the pot 
temperatures varied between 4 and 12 °c. 
d) Yield and fruit qualit~ Total yields per plant (Fig. 2.20) 
depended mainly on the volume of medium. Smaller volumes of medium 
(7land 10 l) resulted in highly significantly 10\'Jer yields than the 
13 l volume, as did the largest volume tested. The yield in the 7 l 
pots was significantly lOvler than with 10land 17 l. 
Both between and in-row spacing differences were not significantly 
different (Fig. 2.20). There was a definite tendency, however, for 
yields to be lower at the closest in-row spacing, and this effect was 
consistent with all pot volumes. The in-row effect was greater than 
the be~ween-row effect. 
The significantly highest yield was recorded in 13 l pots at a 
spacing ofl',OOmm in the rOVJ (Fig. 2.20c). The number of fruit per 
plant was also significantly best for the same treatment combination 
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in-row spacing, and the 17 l pots with 400 mm in-row spacing~ were not 
significantly different than the best treatment (13 land 400 mm in-
row spacing). 
The overall average f~uit mass (Fig. 2.22) was also greatest on 
plants in the 13 l pots and at the widest in-row spacing. This was 
significantly better than in the 7 land 10 l volumes, but not the 17 l 
volume. In each fruit size class (Fig. 2.22) there '.'las a tendency (not 
significant) for fruit in the 13 t pots to have the greatest mass. 
2.6.4 Conclusions The experi ment was limited by the size and type of 
the tunnel, so that a maximum of ! 10 fruit could be harvested from the 
best treatments. There were nevertheless definite treatment effects. 
The most significant effect was the greater yield in the 13 l volume as 
compared with any other sizes tested. The cucumber plant's requirement 
for vigorous vegetative growth was obviously better suited to a larger 
volume pot. The slightly lower yield at the highest volume (17 l ) is 
hard to explain, especially since Maas & Adamson (1980) recommend 28 l 
per plant, althou gh this is for a much longer harvesting period. This 
experiment in effect, measured'early yield' due to the limited size of 
the tunnel used. It may, however, be due to the fact that only one 
microt ube fed into each pot, and did not wet all the medium. Maas & 
Adamson (1980) and ~l a ree (1981c) recommend that there should be b/o 
tubes per pot. 
In Europe cucumbers are grown in peat bags containing 42 l for 
3 plants (i.e. 14 l per plant). Allen (1980) believes that these 
modules are too small and that a minimum of 56 l per module should be 
used. Recently Maree (1981c) has had good results with 20 l plant-I. 
The author has used similar volumes per plant in a trench system with 
good effect. 
The 200 mm in-row spacing was too close from a management point of 
view. It also resulted in the lowest yields per plant. In such close 
spaced plants very little useful radiation reached the lower levels 
cf the crop canopy, i'esulting in premature senescence of lOWel" leaves. 
The widet in-row spacing produced the highest yields, confirming the 
recommendations of Maree (1979b) at Stellenbosch, and overseas 
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Between-row spacings in the double row system were not critical 
in terms of yield per plant with little difference between 600 and 
300 mm. For general practical purposes a 500 mm spacing is recommended. 
As in tomatoes the spacing chosen rllust balance the yield per 
hectare with quality, and the management of the crop. Training methods 
and pest and di sease control are important in this case. 
2.7 CUCUMBERS - EFFECT OF SHADE ON ENVIRONMENT, GROWTH AND YIELD IN 
AUTUMN (Experi ment 11) 
2.7.1 Aim To test whether shade cloth could effectively reduce 
temperatures inside a naturally ventilated tunnel and at the same time 
to measure the effect on the environment and plant growth. 
2.7.2 Procedure QD Speedling grown cucumber (cv. Pepinex 69) 
seedlings, sown 1980:03:14, were transplanted into 13 l pots containing 
a 1 sand:l Irish peat moss medium in the ® Gundle 'roll-up sides' 
tunnel on 1980:03:28. 
The pots were arranged in four double rows at a spacing of 500 x 
500 mm in each double row so that half the plants were under, and 
surrounded by, a 30 percent. ® Alnet shadec10th erected inside the 
central portion of the tunnel. The other half were not shaded. In 
addition, two fruiting regimes were imposed on the plants so that only 
one fruit was allowed to develop every 5th node, or every 10th node. 
There were four replicates consisting of the four double rows of 
pots. Within each treatment in each replicate there were 11 plants, 
one of which was chosen at random at weekly intervals for growth 
analysis (2.2.4) starting two weeks after transplanting (1980:04:11 ). 
The nutrient solution used contained ® Chemicult + Ca( N0 3h + 
MgS04 as described in Table 1.3. 
No treatment differences were found between the two pruning 
treatments, which will not be discussed further. 
2.7.3 Results and Discussion 
Environment 
a) J.<e 1 ati ,ve hum; dity and a i.!._terr,:pet::ature Di fferences ina i r 
temperature between the shaded and unshaded treatments wel~ small. On 
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a typical cloudless day maximum and minimum air temperatures were 27,2 
and 16,9 °c respectively,comlXlredwith 28,4 and 15,9 °c under plastic 
only. The small difference was because the shade cloth was inside the 
tunnel, and the two areas were adjacent with free air movement from 
the rolled up sides during the day. 
This problem could be overcome by placing the shade cloth outside 
the tunnel, thus reduCing the energy input into the system, and thereby 
reducing the temperature, as reported by Maree (1979b) and Hammes et aZ. 
(1980). 
The atmospheric water vapour pressures were generally greater 
under shade, but the small differences could be attributed to the free 
flow of air through the neighbouring environments in the well ventilated 
'roll-up sides' tunnel. 
86 
b) l<adiation and PAR The radiant densities for both environments in rela 
tion to the height above ground are shown in Fig. 2.23 at two different 
growth stages. The shade treatment typically reduced the total radiant 
density by 1 to 2 MJ m- 2 throughout the crop canopy. r~aximum levels 
recorded were between 5 and 6 MJ m- 2 under plastic, and 3 and 4 MJ m- 2 
under plastic and shade cloth, reducing to 2-3 and 1 MJ m- 2 respectively 
at pot level. 
The reduction in radiative load due to the plastic, and the plastic 
and shade cloth is shown in Fig. 2.24. At I1hOO the plastic reduced the 
irradiance from over 700 W m- 2 to about 450 W m- 2 , with the shade cloth 
caus i ng a further reducti on to 300 vi m- 2 • The typi ca 1 ~1 shaped pi~ofil es 
were also recorded in 2.3 (Savage & Smith, 1980). 
Above crop level, the total daily photosynthetic photon density was 
8,19 ~mol m- 2 and 11,7 ~mol m- 2 for the shaded and unshaded environments 
respectively during April/May. 
These irradiance levels may have been low enough to adversely affect 
photosynthesis rates as Challa (1976) found that individual leaves of 
greenhouse cucumbers were unsaturated at 200 W m- 2 • Sale (1977) recorded 
maximum net CO 2 uptake rates a.t about 600 to 800 W m- 2 in field cucumbers. 
c) Pot temperature For four cloudless days the 08hOO and 17hOO pot 
temperatures averaged 23 °c for the unshaded area and 21,8 °c for the 
shaded area, with pot temperatures in both environments typically 
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Fig. 2.23 Radiant density at different heights in the centre of 
a double row of greenhouse cucumbers grown in a plastic 
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Fig. 2.24 Irradiance outside and inside a plastic tunnel with and 
without 30 % shadecloth on 1980:04:30, a sunny day 
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these figures are far more extre~e than the minimum of 18 °c (Bauerle, 
1975) and the maximum of 23 °c (Anon., 1981c) recommended in the 
1 i tera ture. 
d) Leaf temperature There were no noteworthy differences in 
average leaf temperatures with or without shade. The daily fluctuation 
in leaf temperature was greatest without shade, probably due to the 
shade cloth preventing some back radiation in the evening and at night. 
Allen (1980) reported a similar effect where a thermal screen was used. 
Plant characteristics 
a) Stomatal resistance (Fig. 2.25) In general $ the stomatal 
resistance to water vapour movement was greater for the shaded than 
unshaded plants. This resulted from the reduced radiative load, as 
discussed by Slatyer (1967). Lud\·rig & Withers (1978) also reported 
that stomatal resistance VJas high at an irradiance of 50 W 111- 2 • In 
the present study, midday resistances averaged 9 s on- 1 and 5s cm- 1 
for shaded and unshaded plants respectively (Fig. 2.25). 
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b) Height and number of leaves After transplanting the shaded 
plants grew more than the unshaded plants, and remained taller throughout 
the trial (Fig. 2.26). Shaded plants also had a greater number of 
leaves on any given date~ and a greater internode length for the first 
six weeks (Fig. 2.26). Thus the shaded plants initially sho\lJed typical 
etiolation symptoms, although these were not striking. 
c) Leaf area and specific leaf area (SLA) From week four shaded 
plants also had a larger total leaf area (Fig. 2.27), an apparent 
response to the lower radiation intensity under the shade cloth. SLA 
values (Fig. 2.27) were always higher ;n shaded plants indicating that 
there was a greater leaf area per unit mass of leaf. Chermnykh et aZ. 
(1975) noted that shaded plants had an increased total leaf area, and 
decreased leaf thickness, which would explain the higher SLA values. 
Further research on leaf morphology and physiology under shade is 
necessary to determine the effects on yield. 
d) Dry matter Total dry matter accumu1at'jon and its components 
(roots, stems~ leaves and fruit) are shown in Fig. 2.28. From ear1y 
on (week 5) the total dry matter yield was greater in unshaded than 
in shaded plants s mainly due to a greater amount of dry matter formed 
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Fig. 2.25 Stomatal resistance of greenhouse cucumber leaves on plants 








j~ ,", j 
cr: (.1. 
'" no"" 






Z Z 10 
.... 
z 
j I, S --no 
'-. 
5 
o ,-- 0 :oil ~ 11.\ 1l' ICIT 'l SK,\IIIJ 
Sili\i ll : 1 SKillJ1l 
9 11 13 [5 
h~,EKS rRm·\ SOWI NG /\''EKE 1:,\ llt:SA,\ IN(: 
Greenhouse cucumber plant growth in a plastic tunnel with 




a- aNG SHADE 
e-- -O SHADE 
.- L -
Fig. 2.27 Leaf area and specific leaf area (SLA) of greenhouse 
cucumber plants grown in a plastic tunnel with and without 
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Fig. 2.28 Dry matter accumulation in diffe rent parts of greenhouse 
cucumbers grown in a plastic tunnel with and without 30 % 
shadecloth 
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mass of dry matter in their leaves and stems, but this did not 
compensate for the 10\'Jer mass in the roots and fruits. The smaller 
root system on shaded plants was most noticeable. 
These facts are further ~nphasized in Fig. 2.29. Shaded plants 
had a greater proportion of their dry matter distributed to the leaves, 
and this diminished as th e fruit yield accumulated. The proportion 
of dry matter partitioned to stems remained relatively constant as 
the plant aged, but that to roots di III 'j ni shed. 
GrO\'lth ana lysi s 
a) Crop growth rate (CGR) CGR values fluctuated widely from 
week to week, but were mostly in the range of 1 to 4 9 plant- 1 day-I. 
On average, for the whole period of the trial the unshaded plants had 
a CGR of a.bout 2 9 day-l comparedwithl,5 g day-l for the shaded plants. 
b) Relative gro~th ra!e (RGR) RGR values were high in the first 
four \fJoeks of grO\'/th befOl~e any fruit set took place (Fig. 2.30), but 
dropped to a uniformly low l evel once the first fruit were harvested 
(week 5) until the end of the trial. There were no important 
differences beiv/een shaded and unshadcd plants, except for the early 
stages when unshaded plants had a sli ghtly high er RGR. 
c) Net assimilation rate (NAR) Fig. 2.30 shm·Js that unshaded 
plants had a higher NAR on most sampling dates during the trial i.e. 
they produced more dry matter per unit of leaf area in a given time. 
As with RGR, the NAR values were greater in the initial period of the 
trial, until the first fruit I',ere harvested. Thereafter, they 
fluctuated around 5 and 7,5 g m- 2 day-l for shaded and unshaded plants 
respectively. 
2.7.4 Conclusions Plants experiencing differing radiation loads had 
definite , characteristics. Shaded plants grew taller, had more leaves 
and a slightly greatet "internode length. They produced a greater leaf 
area, had a higher specific leaf area, and a smaller root system. 
Total dry matter yield was lower due to less dry matter in roots and 
fruit. 
A higher leaf resistance to water vapour movement was measured 
in shaded leaves. It appears that this was in response to the larger 
transpir ing surface produced with a smaller root system. The leaf 
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In respect of photosynthetic efficiency RGR values were fairly 
similar, but NAR values were higher in unshaded plants. Thus the 
shaded plants were functioni.ng less efficiently, presumably due to 
the lower radiation intensities, and these plants compensated by 
increasing their leaf area at the expense of root growth and of yield. 
The decreasing trend in RGR and NAR with age has also been reported 
for other plants (Thorne, 1960), and the values recorded here are similar 
to those of Mi1tho,pe (1959), A direct comparison with the work of 
Cha1la (1976) is difficult as his records were only up to the five leaf 
stage, and not for fruiting plants. 
Large fluctuations in CGR~ RGR and NAR made some of the data 
difficult to interpret, due mainly to sampling procedure, and the fact 
that fruit maturity differed between plants in successive samples. In 
future work it is suggested that the laverage l plant from three to four 
replicated plots should be sampled, rather than a random plant, using 
carre 1 at ions between total dry mass and 1 ength, 01" number of nodes, as 
detennined by Nelson (1981). 
This experiment was conducted in autumn} at a time when shading, 
as shown by these results, may not be beneficial in the Natal midl ands 
region. Further research is required in mid-summer when radiation 
intp.nsities are higher. 
Separate tunnels should be used with the shade cloth covering over 
the tunnel rather than inside. The objective should be to reduce both 
radiative load and tunnel temperature, on cloudless days without 
sacrificing yield potential during the prolonged periods of overcast 
summer \'/eather typical of the region. 
2.8 GENERAL DISCUSSION AND CONCLUSIONS (Chapter 2) 
Climate measurement has shown that at no time of the year are 
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the conditions inside a naturally ventilated tunnel in the Pietcrmaritzburg 
region of Natal optimum for tomato or cucumber plant growth and yield, 
In comparison to overseas recommendations of 18-23/15-19 °c (day/ 
night) temperatures for both tomatoes and cucumbers local tunnel temperatures 
fluctuate diurnally between 25 °c and 1 °c in winter and 40 °c and 15 °c 
in summer. Similat-ly the temperatures of the root systems fluctuate 
from 15-29 °c in slimmer and 5-15 °c in winter, as compared to the 
recommended 20 °C. Under such conditions plant growth is adversely 
affected in that in tomatoes poor pollination takes place in mid-
summer, and in winter, resulting in small unmarketable fruit. In 
cucumbers plant growth almost ceases at below 10 °c resulting in poor 
yield and quality during the winter period. 
Nevertheless relatively good yields can be obtained in tomatoes 
and cucumbers. Without heating, and with only natural ventilation 
methods available, few growers can produce year round, resulting in 
large fluctuations in the prices of these products. The slightly 
modified climate in the tunnel enables growers to take advantage of 
these prices going into autumn, and in spring. 
Greater degrees of climatic control should be examined, keeping 
the overall cost structure in mind. Double layered tunnels, and 
thermal screens may be useful in this respect. In addition evaporative 
cooling in summer may be justified. Recent advances like selected 
wavelength shading with chemical solutions (von Bavel, Sadler & 
Damaguez, 1981) should also be tested where economical. 
The simplest forms of climate modification like shade cloth or 
painting the plastic white (Maree, 1979c) can prevent excessive 
temperatures in mid summer, but use of these systems can reduce yields 
when used at the wrong time. 
Radiation is sufficient for good growth at all times of the year, 
the maximum irradiance levels being.:!:. 1 000 W m- 2 in mid summer and 
+ 750 W m- 2 in winter. The typical plastic sheeting used in South 
Africa has been shown to reduce this by .:!:. 30 per cent. depending on 
the time of year and age of the plastic. With 30 per cent. shade cloth 
this was further reduced to + 50 per cent. of outside irradiance at - , 
which levels cucumber plants showed some etiolation symptoms and had a 
reduced NAR. European workers use lower levels than this in growth 
chamber experiments. Sale (1977), however, has shown that in field 
cucumbers in Australia CO 2 uptake was still increasing at 700 W m- 2 • 
It is apparent therefore that shade cloth should be used only where 
necessary. It does, however, serve a dual purpose in Natal, as a hail 
guard in summer. 
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Research into spacing practices has shown that similar plant 
populations to overseas are suitable locally, and that at + 2,8 plants 
m- 2 the interception of radiation was more even in all layers of the 
canopy, as found by Harpei~ et ale (1979). In cucumbers closely spaced 
plants intercepted + 90 per cent. of incoming radiation in the top 1 m 
of canopy. Pl ants produced better at wi der i n-rO'd spaci ng. Overseas 
a double row system is most often used in cucumbers, but Maree (1981c) 
has recommended a single row system in South Africa. This depends on 
the trellising system and where layering is used a double row system 
works well (Moorat, 1981). Where an umbrella system is used 
(Jorgenson & Jonsson, 1978; Anon., 1981c) single rows may be more 
manageable. Further research on layout, spacing, pruning and training 
systems is required in South Africa with cucumbers for long season 
crops. 
Vo 1 urnes of organi c bas ed med; a, with some water ho 1 di ng capacity, 
have been shown to affect the yields of tomatoes and cucumbers grown 
as short term crops under local conditions. In tomatoes 10 i pots 
were better than 7 i and 13 i, in comparison to the 14 .e.. used in Europe 
with peat and the 28 i in Canada with sawdust. It was apparent that 
some restriction on root volume resulted in a better fruit:leaf ratio 
under high radiant densi ty conditions. With a larger volume of medium 
tomato plants t ended to become too vegetative at the nutrition level 
tested, with resultant lower yields. 
In cucumbers,where the greatest amount of vegetative growth is 
desirable,it was found that larger volumes of medium were desirable 
(13.t) as found by ~1aree (19S1c) with sawdust, and suggested by Allen 
(1980). In Canada, Maas & Adamson (1980) have preferred 28.e. of 
sawdust for cucumbers. In a trench system with bark such large volumes 
have recently been used successfully by the author. Further research 
on this aspect is justifi ed with the cost of the medium being balanced 
against yield to provide the most profitable combination. 
Physiological research is required to determine photosynthesis rates 
in plants grown under different degrees of shading, and at different 
temperatures to explain certain responses. Research into pollination 
probl ems in cool and hot weather would also help to extend the production 
period. Fruit set hornlones should also be evaluated in this respect. 
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" CHAPTER 3 
COMPARISON OF GROWING MEDIA AND NUTRITION PRQGRAMME~ 
FOR TRANSPLANTED CUCUMBERS AND TOMATOES 
3.1 LITERATURE REVIEW 
Although most tunnel growers in South Africa started growing in the 
soil, the majority have been forced to use soi 11 ess medi a because of 
diseases such as CorynebacteriJ.,1Ji1 michiganense, Pusariwn oxysporLlJi1 f 
sp Zycopersici, Pseudomonas soZanacearwn , and nematodes. The most 
important factors controlling tunnel growers' yields in both cucumbers 
and tomatoes in Nata 1 are medi a and nutriti ona -, programmes and thei I' 
management. 
3.1.1 Media Growing media are many and varied the world over. Their 
properties have been described and summarised by many authors, notably 
Baker (1957), Boodley & Sheldrake (1972), Hartmann & Kester (1975), 
Bunt (1976), Mastalerz (1977), Nelson (1978) and Poincelot (1980). A 
brief summary of the functions and propert"ies of a desirable medium, 
according to these authors is appropriate here. 
The medium must serve four basic functions: provide water, supply 
nutrients, permit gus exchange to and from the roots, and provide 
support for the plant. In modern greenhouse systems with cucumbers and 
tomatoes the nutrient supply function is not as critical as this is done 
via the nutrient solution, although it makes management easier. The 
support function is often not required also, as the plant can be 
artificially supported. Desirable properties of a medium include: 
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a) A stable organic matter content which will not diminish significantly 
in volume during the growth of a crop; 
b) Organic matter with a reasonable carbon: nitrogen ratios and 
rate of decomposition such that nitrogen depletion is not a problem. 
c) A bulk density light enough to enhance handling and shipping 
but sufficiently heavy to prevent plant toppling (nursery). 
d) A high moisture retention coupled with good aeration (35-40 per 
cent. \'later and 10-20 pet cent . air by volume after watering). 
e) A. high cation exchange capacity (CEC) for nutrient reserve 
(10-30 me/IOO g of dry medi urn). 
f) A pH(H
2
0) level between 6,2 and 6,8 for crops in general. 
g) Freedom from weed seeds: nt~matodes, and toxic chemicals. 
h) A low salinity level. 
i) Capability of being sterilised. 
Most of these points apply to cucumbers and tomatoes. Management may 
become more difficult and exacting wh ere a medium does not meet certain of 
these criteria. 
Any individual components selected by a grower for a mixed medium 
should meet th e four functional requirements s must be readily and easily 
available, and economical. 
A minimum number of components should b2 used in fornlulating a mix 
(Nel son, 1978) . 
Materials are mainly inorganic or organic. The inorganic materials 
are usua lly added to mixtures to improve aeration and drainage, whereas 
the organic materials are utilised to increase water retention and cation 
exchange capacity (Mastalerz) 1977). 
Inorgani c types include perlite, pumice, sand, styrofoam, vermiculite, 
roch/ool, leca clays (il./nt, 1976). Costs for perlite, vermiculite and 
leca clays have escalated recently because of the energy cost required for 
heating to prepare a suitable product for horticultul'al use (Bunt, 1976). 
Of the inorganic media vel1niculite, perlite, s€:nd and recently rockwool 
have all been used for cucumbers and tomato culture. 
Vermi culite, although having a high CEC and K and Mg content 
(Table 3.1) has a tendency for the lattices to collapse with use 
resulti ng in reduced aeration and drainage (Bunt, 1976). For this 
reason it is often mixed with perlite or peat, as in the Cornell 'Peatlite ' 
mixes (Boodley & Sheldrake, 1972). In South Africa, the local product also 
has a hi gh pH (~8-9), and is expensive, but has been used successfully 
(Nelson, 1969; Smith et aZ ' J 1979; Maree, 1981d). 
Perlite has a low v/ater hold -ing capacity, but works well in a 
capill ary watering system (Bu nt, 1976). Mixes with perlite are well 
drained and well aerated. It has virtually no CEC and r~ns out of 
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added nutrients quickly (Wilson, 1981). It is thus more suited to total 
liquid feeding systems (~10rgan, 1972; Wilson, 1980a). Perlite is being 
recommended by Lee Valley Experiment Station, U.K. (Allen, 1980) for 
growing tomato seedlings for NFT, as less collar burn due to salt build up 
at the surface takes place. Morgan (1972) and Wilson (1980a) have given 
recommendations for growing tomato~s and cucumbers in perlite. A simple, 
inexpensive perlite culture system has also recently been described for 
studying the nutrition of greenhouse crops (Paterson & Hall, 1981). 
Rockwool (mineral wool) has also received publicity recently 
(Jorgensen & Jonsson, 1978; Jorgensen & Ottosson, 1978; Sonneveld, 
1980; Maree, 1981a). It has virtually no CEC and little water holding 
capacity, but has a pore volume of 97 per cent. (Bunt, 1976), and is most 
suited to a total liquid feeding system. It may also be suitable for 
raising seedlings for NFT (Allen, 1980). 
Jensen (1975) tested 10 different media, all mixtures with sand, 
and including vermiculite, rice hulls, redvJOod bark, pine bark, perlite 
and peat moss. His results indicated that sand alone was as good as 
sand amended with other substrates. As a result sand was chosen by the 
Environmental Research Laboratory, Tucson, Arizona, for growing green-
house veget ables. 
Organic materi als include composts, peat, wood by-products (bark and 
sawdust), and sugar cane by-products (milo, bagasse). Chemical analyses 
of these materials are shown in Table 3.1. 
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An estimated 70 per cent. of tomatoes in Europe are grown in peat 
modules (Winsor, 1980). Sphagnum peat moss is the most popular form of 
organic matter for preparing substrates for container grown crops (Mastalerz, 
1977). Its properties have been reviewed in detail by Bunt (1976). It 
satisfies more of the criteria for a growing medium than any other available 
form of organic matter (Mastalerz, 1977). The good quality imported peats 
in South Africa are, however, too expensive to use for container growing of 
vegetables under protection. 
Cropping in peat differs from that in soil in a number of ways (Adams, 
Davies & Winsor, 1978a). Nitrogen may be immobilised, and root growth may 
be restricted by the volume of substrate available. Further, a higher 
proportion of potassium is soluble in water (Adams, Graves & Winsor, 1978b), 
and appreciable losses may occur through l eaching. As a consequence both 
the available and reserve nutrient contents of a peat substrate will 
TABLE 3.1 Chemical analyses of some organic and inorganic materials 
used in potting media 
. -------
% of dry mass 
r'1ateri a 1 Author (x 10 000 = ppm) 
N p K Ca r~g -
BARK --
Douglas Fir Bollen (1969) 0,04 0,006 0,09 0,12 0,01 
Ha rdvJOod mi x Cappaert, Verdonck 0,60 0,025 0,22 0,41 0,05 
& De Boodt (1974) 
Ireland Barragray & 0,002 0,035 0,195 0,017 
t~organ (1978) 
Sitka spruce Wilson (1981) O,OOO~ 0,0017 0,017 0,023 0,008 
Hardwood mix Anon. (1974) 0,03 0,009 0,018 0,024 
Softwood Nixon (1981 ) 
(South Africa 
0,002 0,002 0,128 0,044 
SAWDUST 
Douglas Fir Bollen (1969) 0,04 0,006 0,09 0,12 0,01 
Softv.JOod Nixon (1981) 0,03 
South Afri ca) 
0,17 0,54 0,079 
PEAT 
'---
Sphagnum (UK) Bunt (1976) 2,50 2,50 0,04 0,20 0,15 
Loca 1 (SA) Nixon (1981) 3,44 0,014 0,084 0,54 0,085 
VERMI CULITE 
U.S.A. Roode (1981) 0,038 0,539 0,134 
~outh Africa Roode (1981) 0,019 0,022 0,416 
~ Wood (1981) 1,52 0,93 0,29 2~23 0,47 
MUSHROOM 
COMPOST 
South J\fri ca Nixon ( 1981) 0,12 0,265 0,705 0,088 
PERLITE Anon. (undated c) 4,07 
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fluctuate more widely, and the interpretation of substrate analysis 
is more difficult. Foliar analysis provides a more reliable indication 
of the nutrient status of such crops than does analysis of the medium 
(Adams et al., 1978b). 
In Scotland, Wilson (19S1) has recently done much research on 
growing tomatoes and cucumbers in pine bark. Hard wood and pine bark 
has also been widely publicised as a general growing medium in America 
at the University of Illinois (Gartner, Hughes & Klett, 1972; Gartner 
et al., 1973; Gartner & Williams,197S), and at the University of Georgia 
(Pokorny, 1973; Brown & Pokorny, 1975; 1977; 
Airhart, Natarella & Pokorny, 1975a; Airhart et al., 1975b). 
Recommendations are that both barks should be milled through a 
12,S mm screen (Gartner & Williams,197S; Wilson, 19S1) so that the mix 
contains 20-40 per cent. of the particles < O,S mm, and 10-20 per cent. 
of the particles> 6,4 mm in size. Optimum particle size distributions 
suggested by different authors are shown in Table 3.2. 
TABLE 3.2 Suggested optimum particle size distribution for hardwood 
bark according to different authors after milling through 
12,7 mOl screen 
Size (mm) Percentage 
Gartner & Williams Pokorny Wilson 
( 1975) (1975) (19S1) 
>6,4 0,7 ) 
3,2-6,4 12,9 26 ) 15 
1,6-3,2 17,6 37 22 
0,S-1,6 17,6 26 17 
0,5-0,S 9,7 5 ) 
<0,5 26,5 4 ) 46 
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Media containing coarse bark have a significantly higher CEC than 
those containing fine bark (Brown & Pokorny, 1975). The CEe is also 
greatly reduced as sand is added to the medium. Percolation rates are 
higher for larger bark particles, and also for bark alone, in comparison 
to bark/sand mixtures. Airhart et aZ. (197Sa) reported that media 
containing pine bark required less frequent irrigation when compared 
to plants grown in peat moss. Brown & Pokorny (1977) and Airhart 
et al.i1978a) have shown that capillary pores exist within the internal 
structure of the bark itself. The internal water and nutrients are not 
easily removed by irrigation water passing through the medium, this 
giving rise to a high CEC. 
For overcoming nitrogen depletion problems Gartner et ale (1972) 
found that ammonium nitrate was consistently the best nitrogen source. 
When ammonium nitrate \vas used the pH remained fairly stable, while a 
straight ammonium source led to a lowered pH, and a straight nitrate 
source to an increased pH. 
As the Ca content of hardwood bark may be high (Table 3.1), 
Gartner & Wil liams (1978)found that addition of Ca and Mg reduced growth 
of nursery plants, and thus di d not recommend additi on of these t\lJO 
elements to hardwood bark media. 
Some inhibition of growth due to toxic substances has been recorded 
in fresh hardwood bark (Worran, 1978; Gartner & Hilliams,1978; Wilson, 
1981). This is overcome by composting, the minimum period recommended 
being 30 days (Gartner & Williams,1978), GO days (Wilson, 1981) or six 
months (Pokorny, 1973). The degree of inhibition varies from species 
to species, and from season to season, with the greatest inhibition to 
growth occurring with bark harvested in winter, and the least with that 
in the summer months (Gartner & Williams ,1978). 
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Composting also helps overcome the negative nitrogen period. Gartner 
& Williams recomm~nd that the following amounts of fertilisers should be 
added to each m3 of milled hardwood bark: 2,7 kg ammonium nitrate, 2,3 kg 
superphosphate, 0,45 kg sulphur and 0,45 kg iron sulphate. In comparison 
Maleike, Sample, Zaeske & Coorts (1975) applied the following per m3 : 
5,39 kg ammonium nitrate, 2,96 kg superphosphate, 0,60 kg sulphur, 0,60 
kg iron sulphate and 0,30 kg potassium nitrate. Gartner & Williams have 
su~narised the advantages (A) and precautions (B) in using hardwood bark 
as follows: 
AI. Bark is economical and readily available (not all areas). 
2. Excellent water holding capacity. 
3. It provides a well-drained and well-aerated medium which is 
difficult to overwater. 
4. The plants are able to obtain water readily, and the mix 
does not dry out rapidly. 
5. Bark contains Ca and Mg, and all the minor elements 
necessary for growth. 
6. It is light in mass and easy to handle. 
7. It reduces nematode populations. 
Bl. Lime should not be added as bark contains 0,2-0,4 per cent. 
Ca by dry mass. HOvlever for tomatoes and cucumbers 1 ime addition has 
been recomnended (Wilson, 1981). 
2. Nitrogen must be added - ammonium nitrate is best, at a 
rate of 4 kg 01- 3 • 
3. A thorough mix is important. 
4. It must be composted for + 60 days before use, and be kept 
moist during this period. 
Recent research by Gartner (1981) has pinpointed the following 
differences between hardwood and pine bark:-
1. It was essential to compost hardwood bark, but pine bark 
had the same amount of nitrogen available wh ether composted or not. 
2. Pine bark dried out more rapidly and required at least a 
third more watering. 
3. It was essential to add lime to pine bark, but when hardwood 
bark had lime added the pH increased above the optimum level. With 
hardwood bark it was essential to add sulphur (1 kg m- 3 ) to maintain 
the proper pH. 
4. Hardwood bark helped inhibit root rots. These existed 
when pine bark was used. 
5. Pine bark did not brell.k' down as readily as hardwood bark. 
so it was essential to add trace elements to pine. These elements 
were naturally available in hardwood bark during the composting. 
Adamson & Maas (1971; 1976), Cotter (1974), Adamson (1977) , 
Worrall (1978), Maas & Adamson (1980) and Maree (1981c) have perfected 
the use of sawdust. In comparison to bark, sawdust generally requires 
more N in th e crnnposting period (Bunt, 1976). Both bark and sawdust 
, .L... . . . are reja~lvely reslstant to decomposlt1cn compared with straw, as they 
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contain larger amounts of lignocelluloses. Adamson & Maas state that 
sawdust is inexpensive, clean, light in mass and easily handled, but 
like bark it requires more initial care to ensure moisture availability 
for young plants, and to bring it to field capacity. They prefer it 
to sand, due to its lighter mass. Jensen (1975) points out that sand 
is more permanent and does not have to be replaced every few years. 
Straw bales have also been successfully used in parts of the world 
(Anon., undated b; Wilson, 1978), and in South Africa (Maree, 1979a). 
The main problems tire weeds which germinate from seeds in the straw, 
and the higher N requirement. During the initial composting process 
energy is released as heat which can be beneficial during winter. 
Other organic media which have been used successfully include milo 
(a sugar cane waste product), spent mushroom compost, sunflower husks 
oil cake and rice husks. 
3.1.2 Nutrition Hydroponics was earlier defined as 'the science of 
growing plants in a medium, other than soil, using mixtures of the 
essential plant elements dissolved in water l (Harris, 1970; Sholto-
Douglas, 1975). All systems deal with the placement of nutrients in 
intimate contact v>Jith the plant's roots. Ellis et al. (1974) have used 
the term nutricu1ture to describe such systems . 
The term aggregate culture was used where some form of solid 
medium was used in the nutriculture system (Ell is et aZ., 1974; Coopel~, 
1979). In such systems the nutrient solution may be recirculated 
(Harris, 1970; Ellis et a7' .J 1974; Adamson, 1977 ; Cooper, 1979), or 
drained to waste in an open system. 
In the latter, open system, a complete, balanced, nutrient solution 
may be used at every watering (Jensen, 1975; 1980; Adamson, 1977; Maas 
& Adamson, 1981). Alternatively, base fertilisation (Bunt, 1976) or 
pre-enri chment (Anon., undated a) of the medi urn before p 1 anti ng may be 
used followed by watering with a N:P:K solution only. 
The basic nutrient requirements of plants were established over a 
century ago. Knop's ' solution of 1865 is quite similar to the w'idely 
used recommendation of Hoagland & Arnon (1938) and Arnon & Hoagland 
(1940). The tables of nutrient formulations in Hewitt's book on 
water culture methods (1966) demonstrate the range of combinations and 
concentrations of salts acceptable to plants. This has been shown more 
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systematjcally by Steiner (1966; 1981)) and explains why it has 
been possible to maintain nutrient solutions in NFT on the basis 
of overall conductivity, although this leads to some imbalance from 
the original concentrations with time (Hurd, 1978). Hewitt (1966) 
made the statement that, 'almost as many different nutrient solutions 
have been devised as there have been experiments'. Although many 
formulae for nutrient solutions have been published, they have much 
in common (Ellis et aZ' 3 1974). The greatest difference between 
formulae lies in the ratio of nHI~ogen to pot(\ssium. Theoretically 
each plant type in each part of the world will have its own nutritional 
requirements. In practice there is much tolerance (Harris, 1970; 
Ellis, et aZ' 3 1974), especially with tomatoes. 
Examples of complete nutrient solutions recommended worldwide 
for tomatoes and cucumbers are shm·m in Table 3.3. For tomatoes the 
general recommendation is 150 ppm N, 60 ppm P and 300 ppm K. Notably, 
however, Jensen (1975) uses a lower K level. Cucumbers generally 
require more Nand Ca and less K (see later). This is reflected in 
the recommendations of Ellis et aZ. (1974), \)ensen (1975) and Sonneveld 
(1980)(Table 3.3). 
Examples of recommendations for the pre-enrichment of different 
media by various authors are shown in Table 3.4. The amount of pre-
plant fertiliser addition depends on the inherent content of the 
medium (Table 3.2), and its availability. Note also that different 
fertilisers have different elemental compositions depending on the 
country of origin. The percentage composition of fertilisers used 
in compiling Tables 3.3, 3.4 and 3.5 is shown in Table 3.9. 
Table 3.4 shows that pre-enrichment recommendations differ 
markedly. Usually this can be explained by the type of medium. 
Sawdust, and bark (to a lesser extent ) which are subject to continuous 
microbial decomposition require more N. This is reflected in the high 
N status of the Scottish bark recommendation (Wilson, 1981). Wilson 
has also found that iron deficiency commonly occurs in bark media, and 
thus adds extra iron to the medium. 
The Guernsey, Scottish and U. K. peat recommendations (Anon., 
undated e; Wall, 1973; Moorat, 1981) have a high K status and total 
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salt content in the medium. This holds back tomato plant growth and 
induces early flo\t;ering, when Y'adiation levels are too 10ld for good gt,O\"th. 
TABLE 3.3 Reccmmended concentrations of elements (ppm ) in nutrient solut i ons accord ing to different authors 
CroD &1 I TOMATOES - OPEN SYSiU1S TC»iA TOES - NFT System 
~ Harris (1970) Ell is et aZ. (1974)/Sonneveld Wilson I Maa s & Adams on (1980) Coope r (1979 Winsor et aZ 
Jensen (1975) (19 80 ) (198Ga) ( 1979 1 
~ledium General Sand Rockl·/oo l I Perl ite l Sal"dust 
Elerr:ent ~ii n. Opt . ~lax . ~l in. Opt. I·lax. 
N I 90 140 200 144 154 180 168 200 50 175 300 
P 30 60 90 62 47 40 i 55 60 20 50 200 
K 200 300 400 154 293 375 I 403 3eO 50 400 600 
Ca 120 150 240 165 130 143 163 170 125 225 400 I 
~'iQ 40 50 60 50 24 25 50 50 25 50 150 
Fe , 2,0 4,0 5,0 2,5 0, 56 10 1,2 12 1,5 3 6 
;·t ~ 0,1 0,5 11,0 0,62 0,55 2 1,07 2 0 ,3 1 5 
B 10, 1 0,5 1,0 0 ,44 0,22 0 ,3 0 ,45 0 ,3 0 ,1 0,2 2 
I 0,05 0,1 0,05 0,03 0,1 0,034 0,1 0,01 0,1 1 Cu .0,01 
Zn 10 ,02 0,1 0 ,2 0,03 0,26 0,1 0,11 0,1 0 ,05 0,1 5 
I 
Mo 10 ,01 0,02 0,1 0,09 0,05 0,02 0,023 0,2 0,01 0,0; 0,1 
. 
CUCU~IBERS - OPEN SYSTEMS 
Ellis et c Z.(1974 Sonneve ld Anon. 
Jensen (1975) ( 1980) (19S1c) 
Sand Rockl-Ioo I Sawdus t 
I 
260 168 185 
62 47 36 
154 234 210 
330 140 210 
50 18 25 
2,5 0,56 1,0 
0,62 0,55 0,3 
0,44 0, 22 0,7 
0,05 0,03 0,03 
0,03 0,26 . 0,1 







TABLE 3.4 Pre-er.richment reco:nmendations fo:'" gro:.;ing tomatoes in diffE:rent media accord~ng to various authors. Percentage elemental composition 
of each ferti I iSer is s ho·,.;n in App. Table 2 r Autl;~~Barragl'ay & MQrgan (1978) /Wilson (1981-)rXaa;-&-Ada~Son (19SO)-,' Ar:on. (undated e)IMOorat (1981)lwa11 (1973) 
i Mediur·1 I Bark I Bark I $owcust ?:;~t (Scotland)! Pe·3t I Peat 
fER-:-ILISER I I! (kg m- 3 ) 
t:.so, I 0,42 I I 
Ir.I.03 I 0,54 
I~:!-l '. NO J IiI, 174 I 
~~~e rphOSPhatell 0,67 I 1,313 
1'" ~a I 
!forr.;" 1 de hyde 0,72 I 
I 
ICalCiti C limestone 5,5 
rOol Gmi tic 
11 ;",estone 
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The Canadian mixture for peat/vermiculite (Anon., 1980b) has a 
high Ca and low Mg level because their vermiculite is naturally high 
in Mg (Table 3.1), but low in Ca. South African vermiculite has 
three times the amount of Mg, but is lower in Ca (Table 3.1). 
Generally, Wilson (1931) has recommended that a medium for tomatoes 
should contain 2 200 g Ca and 600 g Mg m- 3 medium. Barragray & Morgan 
(1978) suggest that the desired level of nutrient in a bark medium before 
planting should be 2 000 g Ca, 150 9 P, 350 g K and 600 9 Mg m- 3 • 
Moorat (1981) recommends that the final chemical analysis of a pre-
enriched sphagnum peat should be: pH(H
2
0) 5,5-6>5, N 50-70 ppm,P 40-50 
ppm, K 280-300 ppm, Ca 150-250 ppms Mg 50-60 ppm. 
Typical daily liquid feeding nutrient solutions in a pre-enrichment 
system are shown in Table 3.5. In these systems the nutrient solution 
only contains Ns P and K, or in some cases Nand K only, which simplifies 
matters considerably from il management point of view. This is only 
possible because the other nutrients are in the medium, and the trace 
el emen t.s are ina safe and s 1 moJ release form (Bunt, 1976). 
TABLE 3.5 Subsequent daily liquid feeding of pre-enriched media for 
tomatoes according to the different authors in Table 3.4 
Medium Author Element concentration (ppm) 
N P K 
Bark ~~il son (1981) 296 50 120 
SavJdust Maas & Adamson ( 1980) 168 - 253 
Peat Bunt (1976) 200 30 350 
Peat Moorat (1981) 169 27 284 
Peat Wall (1973) 170 - 279 
Peat Hhite & Brundell (1978) 200 - 300 
I 
Much has been pub)ished on the nutritional requirements of tomatoes, 
but notably little on cucumhers. On tomatoes, teviews : have been pub. 
lished by· Cooper in 1956 and 1979. ~)insor & Long (1963) a.nd Davies 
& Winsor (1967) have shown· the importance of N, P, K, Mg and liming on 
fruit composition. Wilson & McGregor (1976) have sho\lJn how compost 
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nutrient balance affects yield and fruit quality, especially the levels 
of lime, and the balance of Ca and Mg. Blotchy ripening was more 
prevalent in composts containing a high level of lime, and when limestones 
of high Ca to Mg balance were used, in conjunction with liquid feeds 
containing a N:K ratio of 1:2. A high incidence of blossom end rot 
was found at low lime levels, and with limestones containing a low 
Ca:Mg balance, in conjunction with a liquid feed of a low N:K ratio 
(1:1). 
Most European workers recommend a N:K ratio of 1:2 for tomatoes 
(Winsor, Davies & Long, 1967; Winsor & Long, 1968; Wilson, 1980b), as 
does Harris (1970) in South Africa. Although Adams et al. (1978b) 
showed that relatively modest levels of Nand K sufficed for maximum 
yi e 1 ds of tomatoes grown in peat, other results, Adams et al. (1978a), 
stressed that higher levels of these el eme nts s and particularly K were 
necessary both for even ripening, and good flavour and keeping quality. 
Jensen (1975), however, concluded that 156 ppm K gave equally good yields 
as the mOt~e recommended 1 eve 1 of 300 ppm. 
Jensen also tested levels of N between 29 and 260 ppm and found 
144 ppm to be optimum for tomato production. Plants receiving less 
than th e optimum amounts produced less marketable fruit, and less foliage. 
This increased the amount of sunburn. Tomato crops fed excess amounts 
of nitrogen did not yield higher but had less marketable fruit due to 
increased incidence of misshapen and fasciated fruit. Winsor & Long 
(1968), Maher (1972), Wilson & McGregor (1976) and Adams et al. (1978a;b) 
reached the same conclusion. Slightly higher levels may be needed for 
bark and sawdust (Maas & Adamson, 1980). 
Although less information is available for cucumbers, research 
has shown that the N:K ratio should be closer to 1 (Attenburrow, 1978) 
with the Kleve 1 kept at 250 ppm. All en (1980) recommends that the K 
level should be 30 per cent. lower for cucumbers in NFT as compared to 
tomatoes, and that cucumbers should be grown at a lower conductivity 
(200-250 mS m- 1 for cucumbers compared to 250-300 mS m- 1 for tomatoes). 
Anon. (1980d) recomme nd 175 pplll and 282 ppm K. Ellis et al. (1974) 
and Jensen (1980) kept the N:K ratio at 1,7:1 from first harvest. 
In NFT, Winsor & r1assey (1978) and fviassey & Winsor. (1980) have 
shown that t.he uptake of nutrients by plants growing ina flow-ing nutr"ient 
solution is such an efficient ptocess that surpris";ngly low concentrations 
of some elements suffice for growth. Growth reduction and leaf 
necrosis has been recorded at high P levels, presumably due to 
the addition of phosphoric acid which is widely used to control 
pH in NFT (Cooper, 197~; Winsor et al' J 1979). Phosphorus 
concentrations of 200 ppm are apparently not uncommon in commercial 
installations, and it has been suggested that these are associated 
with root death. Massey & Winsor (1980), however, found that 10 ppm 
P was slightly better (although not significantly so) than 5, 50 and 
200 ppm. The main adverse effect of high P levels was precipitation 
of calcium phosphate. Although 5-10 ppm was suffici ent for normal 
yields they recon'd'llended that higher concentrations (20-40 mg p .e.- l ) 
would ensure some reserve of phosphate in the system. 
3.2 GENERAL PROCEDURES 
3.2.1 Structures The same structures were used as described in 2.2. 
All trials, except for the tomato trial described in 3.3.1, were 
carried out in the ® Gundle 'roll-up sides' tunnel. 
3.2.2 Gro\'I ing f!1ethods As in 2.2. In most trials the plants were 
topped at the overhead wi re, and the experiment tenni nated once a 11 
the fruit had been harvested to that level. The plants were therefore 
cropped for a relatively limited period of time, the trials being 
terminated once it was evident that treatment differences had 
resulted. 
3.2.3 Nutrient solutions In open nutriculture systems nutrient 
solutions were made up from straight chemicals based, with 
modifications, on the recommendations of Ellis et al. (1974), Jensen 
(1975; 1980), and Fontes (1980). 
Table 3.6 shows Jensen's (1980) recommendations for tomatoes and 
cucumbers. As some of the chem·icals were no.t available some modifica-
tions were made, based on the work of Fontes (1980). The final 
composition of the solution used for cucumbers is shown in Table 3.7. 
Any further reference in this chapter to Jensen's solution will 
refer specifically to a solution made up as in Table 3.7. Modifications 
to this solution will be mentioned where appropriate. Where Jensen's 
solutions were used the concentrated stock solutions (usually 200 x 
required concentration - columns 2 and 3 in Table 3.7) 1ere kept in 
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TABLE 3.6 Nutrient solutions recommended ' for tomato and cucumber 
production (1 000 l )( after Jensen, 1980) 
Nutri en t solutions 
Tomato Cucumber 
I 
A B C 
Seedlings to Frui t set to Seedlings to 
first fr uit set termincLion fi rs t fru it set 
of crop 








compounds ~ 1 000 l ppm 1 000 .e. ppm 1 000 .e. ppm 1 000 .e. 
Magnesium 
sulfa te 
(MgSO ... 7H 20) 
~1onopotass i um 
phos phate 
(KH 2 POlt ) 
Potassium 
nitrate 











K 270 P 
200 K N 
50 500 /'ig 50 500 
77 K 77 270 
62 270 Same P 62 
77 200 as K 77 200 28 N 28 
Calcium 
nitrate 
[Ca(N0 3 h] 
N 85 
Ca 122 500 
N 
Ca 








-- 150 m1 
Fe 2,5 25 B Fe 2,5 
-- ISO ml --
Micronutrient preparation for nutri ent solutions A, B, C and D 
Grams of each 
Element ppm of micronutrient 
Salt supplied element in the packet 1 
Boric acid (H 3 S03 ) B 0,44 7,50 
Manganous chloride (Mn C12 • 4H2 0) Mn 0,62 6,75 
Cupric Chloride (CuC1 2 ·2H 2 0) Cu 0,05 0,37 
25 
150 ml 
Molybdenum trioxide (Mb0 3 ) Mo 0,03 0,15 
Zinc sul~te..J...~nSOt; .7H2 0) ' Zn 0,09. _____ 1..:,.,.1_8 _____ _ 
lUse one packet (15,95 g) micronutr ients plus water to make 450 nIl micro-
nutrient stock solution (heat to dissol ve ). Use 150 ml of micronutrient 
stock solution for each 1 000 .e. of nutr ient soluti on. 
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TABLE 3.7 Amount of chemical required to make up 20.e. stock solutions, 
the amount of stock added to 1 000 .e. water to make the final 
solution, and the final concentration of the nutrient mixture 
delivered to plants, modified from Jensen's (1980) 
recommendations for cucumbers 
Chemical g 20 r-l g [ 1 litres stock added Conc. of final solution 
stock in stock to 1 000 .e. water (g 1 000 [1 ppm 
KN0 3 1682,6 84,1 5,0 420,7 K 156 
N 56 
Ca(N0 3 h 3800 190,0 9,0 1710 Ca 289 
N 203 
H3 PO .. commercial product 0,270 64 P 64 
MgSO.; 2008,8 100,4 5,0 502,3 I !vJg 49 
I J 
S 64 
FeC137H2~ 470,0 23,5 0,50 11 ,8 Fe 2,5 
- I 
TRACE ELEMENTS STOCK ~ Amount added to 20 .e. water 
rqnSOl1 147,5 7,38 ~ 1,1l0 Hn 0,28 H3 BO .. 215,0 10,75 1,613 B 0,29 ) 
ZnS04 45,5 2,28 ) 0,342 Zn 0,08 
CuS04 23,8 1,19 ) 0,15 0,179 Cu 0,05 ) 
I 
(NH .. ) 6~10 7( .. 6,2 0,31 ) 0,045 Mo 0,03 
I ) 
NB. Each chemical in the upper section was kept in a separate container 
as the stock solution. The trace element stock contained all the 
trace elements together in one solution, 0,15 .e. of which was added 
to 1 000 .e.. 
20 l plastic containers. The required amounts being added to a tank 
filled with water to give the final solution. 
Nutrient solutions were also prepared by adding given amounts of 
(;ommel~cial hydroponic mixtures to the recommended volume of water in 
the asbestos tank. Table 3.8 shows the element concentration in a 
solution conta. -ining different amounts of ® Chemicu1t. 
TABLE 3.8 Amount of nutrient in a solution containing different 
amounts of <ID Chemi cult per 1 i tre of v.Jater (Percentage 
composition shown in App. Table 1) 
ppm in a solution containing 
Element 1 g i- 1 I 1,15 9 i- 1 2 9 i-I 3 9 i- 1 
N 65 75 130 195 
P 27 31 54 81 
K 130 150 260 390 
Ca 75 86 150 225 
I~g 25 29 50 75 
S 70 81 140 210 
Fe 1,5 1,73 3,0 4,5 
Mn 0,24 0,28 0,48 0,72 
B 0,24 0,28 0,48 0,72 
Cu 0,02 0,03 0,04 0,06 
Zn 0,05 0,06 0,10 Oi 15 
t·10 0,01 0,01 0,02 0,03 
L I. ......J. 
In some of the experiments (as stated in procedures) the solid 
fertiliser was added to an in-line diluter, through which some of the 
water flow was directed. The main water flow was from a municipal 
mains source, with a pH(H
2
0) of 7-8 (Fig. 3.5). 
The time of watering, and the amount of water applied on each 
occasion was controlled by a time clock via a solenoid valve. 
® National time clocks with a minimum 15 minutes Ion time l interval 
~"ere used, in conjunction with ® Electromatic timers. These allowed 
an Ion time l of from 10 s to 10 min. according to setting, within the 
15 min. interval on the time clock. Usually three applications of 
nutrient solution were applied per day, the total volume varying with 
the crop, plant size and time of year. 
Other nutrient solutions were made up according to recominendiit .. ions 
from Guernsey (Anon., 1979; Moorat, 1981) and Scot 'land (Anon., undated d; 
Wilson, 1981). These are described where relevant. 
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TABLE 3.9 Fertilisers used in different nutrient solutions and in pre-enriching rr.edia, their percentage make up, and cost, as 
at Decembe r, 1981 
I 
Cost Approximate % content of nutrient elaJent(s) 
Cents kg- 1 Fertil i ser N 
I 
p K Ca Hg S 
I 
Fe 
Mn I B Cu : Zn or (source) 
Cents t- 1 
Calcitic H me " I I 
I 
2,86 
I ( U~ z imkulu) 32,4 2,2 ! (Roedtan) 28,0 0,3 
2,86 I 
, 
Dolomitic 1 ime 
(Umzi mkulu) 
, 
i ,I 26,0 , I 
I (Roedtan) 18,0 12,0 ! I I I , 
-I 11,3 Single Supers 11,3 19,7 10,9 
84,2 Phosphoric aci d 23,8 
10,4 Cal mafos 21 9 
I 
7 9,5 t 
! I 
Gypsum 22 i 17,7 
21,4 LA r-I 28 13,3 
(Limestone arrmonia nitrate) 
t 
27,3 UREA 46 
35 KN0 3 13,5 
"'1 
I 
24,6 K2 SO. 40, 16,4 
46 Ca (N0 3 h 11,9 16,9 
110 MAP 11,0 21,0 
27 ~1gS0 •• 7HzO 9,5 12,9 
28 FeSO • . 7HzO 20 -
192 FRIT 504 14,3 7,01 3,8 7,0 7,0 
Urea formaldehyde 38 I 
62 FeC1 3 .6H2O 
~ 
21 ,2 
59 ~lnSO,. 4HzO 
I I 
25 
75 H3 tl°4 18 , 
22,5 100 ZnSO. I I 
71 CuSO, I I ! 
25,5 








3.2.4 Pre-enrichment The required amounts of solid fertiliser were 
added to the medium and thoroughly mixed in an electrically operated 
concrete mixer. The different fertilisers used, their percentage · 
make up, and cost at time of writing, are shown in Table 3.9. 
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3.2.5 Media A wide range of organic and inorganic media were tested. 
Most of the organic, and some of the inorganiC media, contained 
nutrients, some of which would have been available for growth. The 
approximate nutrient contents of untreated media are shown in Table 3.1. 
In addition the media had very different physical characteristics, 
both in respect of bulk density, air porosity and water ho'lding capacity. 
These properties have been listed for ease of comparison in Table 3.10 
from information in the texts of Bunt (1976), Mastalerz (1977), Nelson 
(1978), Beardsell, Nichols & Jo ne s (1979) and Poincelot (1980). 
TABLE 3.10 Physical properties of organic and inorganiC media used in 
the different trials (After Bunt, 1976; Mastalerz, 1977; 
Nelson, 1978; Beardsell et al. (1979); Poincelot, 1980) 
Bulk density ~~ater retention Air capacity I Total 
(kg m- 3 ) 
of .1'01 ume) I poros ity (dry) (wet ) (% of volume) (% 
fPi ne bark (0-5 mm) 228 608 38 32 69 
Pine bark (5-20 mm) 184 333 15 54 69 
Peat moss (sphagnum) 104 693 59 25 85 
Perl ite 100 100 19 55 75 
Sand 1600 1840 35 ·3 40 
Sawdust 192 640 45 30 78 
Vermi cul ite 100 640 53 28 80 
Peat moss + 110 600 51 23 75 
perlite (1:1) 
Peat moss + sand 739 1419 47 10 65 
(1:1) 
Peat moss + sand 1000 1600 47 8 48 
(1:2) 
Sawdust + sand 920 1299 41 12 52 
Peat + polystyrene 63 50 33 68 
(1: 1) 
I Manure 344 1008 67 8 74 
= milo ] 
= Mushroom compost 
I 
1-
= Bagasse . I 
---
3.2.6 Statistical analysis See 1.2 
3.3 TOMATOES - CO MPARISON OF EIGHT GROWING MEDIA (Experiment 12) 
3.3.1 Aim Good quality imported peats are too expensive to use for 
container growing of vegetables under protection in South Africa. A 
research programme Vias started in 1979 to test ch eaper, easy to use, 
locally available media for their suitability in growing tomatoes. 
3.3.2 Procedure Tomato seedlings (cv. Hotset) were grown in 
® Speedling trays and transp lanted into 10 .e. pots containing eight 
different media in the small plastic tunnel. The eight media were:-
1. Vermiculite (South African) 
2. Perlite 
3. Umgeni river sand (a coarse grit) 
4. Local peat vermiculite 1:1 (volume basis) 
5. Local peat sand 1:2 ( II II ) 
6. Local peat sand 1:3 ( II II ) 
7. Local peat perl He 1:1 ( II II ) 
8. Local peat po lys tyrene 1:1 ( II II ) 
There were two sowing dates, viz. 1978:02:16 and 1978:03:09, chosen so 
that harvesting would take place during the highest price period on 
local markets. The trial was a randomised split plots design, with the 
sowing date as the whole plot factor. There were three repl ications, 
each rep'lication consisting of one double row of plants in the t unnel, 
and five plants per subplot. 
Management was according to normal procedures using 1,5 9 .e.-I 
® Chemicult (Table 3.8) as the nutrient solution. 
The number of marketable fruit (> 60 g) and fruit mass were 
recorded for each truss. 
For one month during mid-winter the temperatures of the different 
media in pots in the centre row of the tunnel were recorded. These were 
discussed in 2.3.2 (Experiment 8). 
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Salinity levels \'>Jere monitored at regular intervals, using a 
saturation extract, and were expressed as total salt content (Ca + Mg + Na). 
pH(KC1) was also monitored regularly. 
3.3.3 Results and Discussion 
Plant growth At the first time of planting the fastest growth 
occurred in the peat:vermiculite treatment (Fig. 3.1). All other 
treatments had the same grovJth rate as the vermi cul i te treatmen t shown. 
At the second time of planting there was no difference between treat-
ments, but Fig. 3.1 shows that the growth was slower than in the first 
planting , as these plants experienced cold winter temperatures earlier 
in their develo pment . 
lot,a' ,yiel d There were no significant differences bet\'v'een the 
ave rage yield (mean of two planting dates) in the different media. 
However yields tended to be lov.,rest for vermiculite, and highest for 
peat:vermiculite and peat:s and (1:3) (Fig. 3.2). All mixtures \'v'ith peat 
tended to result in higher yields than any single medium (NS). 
In all cases, except vermiculite, the first planting yielded 
higher than the second planting, and in peat:perlite this vias significant. 
This trend was the result of sma ller fruit in the second pl anting 
(Fig. 3.4) due to poorer pollination caused by cooler temperatures . 
There was no significant difference between media at the second 
time of planting, al though vermiculite, peat:vermiculite and peal:sand 
(1:3) gave the higher yields (Fig. 3.2). 
The better yields in vermi culite and peat:vermiculite appear to 
be related to the wamler pot temperatures in these media as discussed in 
2.4.3. 
Non significance in this trial was due to the high CV (19,4 %) 
which resulted from the northern double row of plants growing and 
yielding better than the southern double row due to the orientation 
of the tunnel (see 2.4.3 for pot temperatures in this trial). 
It must be noted that only five trusses were included in the yield 
figures due to the size of the tunnel. The highest yield of ! 3,5 kg 
plant- 1 (= 9,5 kg m- 2 ) over a 12 week harvest period compares with 9,6 kg 
plant- 1 for 23 weeks or 4,2 kg plant-lover 9 weeks at Stellenbosch 
during a more favourable period with the cultivar Angela (Maree, 1981a), 
and + 12 kg m- 2 over 12 weeks in the U.K. (Allen, 1980). 
120 
Fig. 3.1 
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POTTING MIXTURES 
Total yield of marketable fruit on two different planting 
dates for eight different potting mixtures 
'JI, 11 .. 
N 
N 
Components of yield The mean fruit mass decreased with increasing 
truss number (Fig. 3.3), and the fruit harvested near the end of the 
trial were about half the size of those from truss 1 for both times of 
planting. 
In the first planting, v€lffiiculite tended to give rise to the 
largest fruit (Fig. 3.3), due to fewer fruit per truss, even though 
it gave the lowest yield. All other treatments tended to produce fruit 
of a similar size~ although at higher trusses plants in sand had smaller 
fruit, especially in the first planting. 
In order to determine whether the decline in mean fruit mass at 
higher trusses was related to the number of fruit per truss these two 
variables were plotted together in Fig. 3.4. The number of fruit per 
truss remained relatively constant up to truss 5, but the mass declined 
with increasing truss number. This was related to the temperatures at 
the time of fruit set (see Figs. 2.11 and 2.12) and has also been 
reported for this time of planting by Oosthuizen & Millar-Watt (1978) . 
.Eli Average monthly pH measurements of the water and different 
mixtures are shown in Fig. 3.5. The water tended to alkalinity (~ pH 8) 
except on the last sampling date when a pH of 6 was recorded. The 
nutrient mixture had an acidifying effect on the water, and the pH of 
the \."ater + <ID Chemicult mixture was approximately 6 throughout the 
trial. 
The pH of the vermiculite was initially 8, but \'Jith constant 
watering it assumed the pH of the nutrient solution. Similarly perlite 
started at pH 7 but within eight weeks reached pH 6. The sand 
maintained a pH close to 6 throughout the trial. 
The aciditity of the peat \'/as dominant in all the peat mixtures, 
and most had a pH value of 4 to 5. The two highest yielding mixtures 
had pH 5. A similar relationship was found by Walliham, Sharpless 
& Pointy (1977). Usually, however, most recommendations are that the 
nutrient solution should be kept at pH 5,5 - 6,5 (Cooper, 1979; Maas 
& Adamson, 1980). 
Total salt content (Fig. 3.6) During the trial the total salt 
levels fluctuated as excess water was applied once a week to maintain 























\'" ° , • 
\ \ \ 








\ \ ' 
, \ 
\ \ t ' 
, .'(' 
\ '\ \ 
\ / ,-, 
\ / '" 
1./ '., / 
'.v· 
• , --
'- 'a_ · _ . • 





















2nd PLANTING 1978:03 :09 
, , 
\ 
\ \ ", . ~, \ 





.~ ', ,,0 
'" " " " ' \ ° ,' 
\\ 
VERMICULI TE 
x- , -x SAND 
A- .. ,A PEAT & PERLI TE 
",. 
• 
PEAT & VERMICULITE 
I I I I 
1 2 3 4 5 6 
TRUSS NO, 
Fig. 3.3 The effect of truss no. on mean fruit mass per truss at 

























" \ , 
\ "-100 "- \~-4ss ' ..... 
',1st Pl 
, , .4,1111. 
.~ '- - _ ItvG 
·~s ..... , 
' . s , 
" <>" 
, 
80 ' " 0' A 
, 
" , (-<1 
" . 'Vl;t\t. 
7 ", G ./' "- (j) ---- .-. if) 
6 :) 60 
1-0 0:: 
.. - " '2 f-.... . " "0- -"-. ~ '. ,0<) 51-
'Q /. \(.., ~ 'St A ,,1-.;: 0:: 









0 - ..I.. 1 2 3 4 5 6 
TRUSS NO. 
Relationship between number of fruit and the mean fruit 









" , , , 
'- - - ~ , 
,Water , , , 
7 ~ , , 
" 
6 
\ . , 
.~ " ..... . ' . " ...... -.. .jII." ... \ ,.. ' . . '. < ...... , ..... . .... ..... . - . _Perlite 
•••• ,....... " ••••••••••••••. v. .... ~.~ ... -..: 
, ... ,', ··· '_· ··_ ··· _- ·· ·- ·d··- lJettet+-Cl . .;, Son r)~f'flI(U/~ .; , l, , 
'.- _ Peat & Sand 1:2 - -.- - - - - - - -
5 &"/errn . p~~\_ . y. -- . 
'. Peat & Sand 
" ", ,,,; , ,,, ..... 'e '" 1:3 . ."" .... R····· . ". ...... _ ... _._ .. eat & p"r 
............ '- . Peat ; ··· - .. . - .. . ~ .~stYrene 




3 " _-'--- I , 
MAR. APR. MAY JUN. JUL. AUG. 
MONTH 
























l- T CY. N - ' , .-J 
/ 
>- -:J W :;;1 u I-
::i / >- [7 0 ~ CY. .-J Z 0::: 
f7 W // 0 
4: 
w 0... I 0... l--/ v: 
P 
> T Ul 7 ~ ~ ' "'" 1-- / <Xl '/ 
<Xl 




4: 0::: / z 4: V 4: w W .' W 4: /' w w 0... 0... , 0... , lfl 0... c... 
,/ , 




V :J u 













"'" V ...... 








Salinity levels in the different potting mixtures at the 
start and end of the trial 
127 
The lowest total salt levels were found in peat:vermiculite which 
gave the highest yield. The highest levels were found in the peat:sand 
(1:3) which also yielded well, and the vermiculite which yielded poorly 
at the first planting. No definite relationship was found between the 
salt content and yield in different media. Fig. 3.6 shows, however, 
that there was an increase in salinity from the start to the end of the 
trial. At the final levels yield would be reduced by the percentages 
shown if the criteria of Maas & Hoffman (1977) are applied. In 
nutriculture systems, however, it is recommended that the salinity 
level should be kept at 250-300 mS m- 1 (.: 25-30 me .e.-I) for tomatoes 
(Anon., undated d; Anon, 1979; Allen, 1980). 
Suitable salin -ity levels can be maintained by 
a) Slightly over-watering at each irrigation (Jensen, 1980). 
b) Providing for free drainage by making holes in the bases of 
pots, or by providing drainage pipes in beds (Jensen, 1980). 
c) t'lonitoring salinity levels continuously, and v/hen levels become 
too high reducing the strength of the nutri ent solution~ or flushing 
with water until the level returns to normal. 
Observations on the root systems In general, the size of the 
root system appeared to be related to the water holding capacity of 
the medium (Table 3.10). Thus peat and vermiculite tended to result in 
smaller root systems confined to the central part of the pot. The 
largest and most branched root system was in sand alone. The root 
systems in the sand:peat mixtures depended on the amount of sand in 
the mixture, but were smaller th an those in sand. 
In most potting mixtures the roots were distributed evenly 
throughout the pot. In perlite, however, a large percentage were 
situated at the top of the pot, and few in the centre. This was also 
found in Experiment 14. 
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It appeared, therefore, that the size and extent of branching of the 
root system depended on the ease of obtaining water. Root proliferation 
would also depend on the watering frequency of the potting mixture in 
question. In this experiment all pots were watered at pre-determined 
intervals. This may have been insufficient for maximum yields in sand. 
I 
3.3.4 Conclusions All mixtures tested resulted in relatively good 
yields, but there was a tenden cy for peat:vermiculite and peat:sand 
mixtures to result in the highest yields under the management conditions 
used. The peat:sand mixes have an added advantage of re-usability, and 
at the time of this trial were the least expensive media (see 3.7). 
TABLE 3.11 Details of the stock and final solutions of modified 
Jensen's nutriculture solution used in the tomato module 
trial (Experiment 13) (modified from Ellis et al . .) 1974; 
Fontes, 1980; Jensen , 1980) 
Chemical 9 20 i- I 
9 i~ l i stock added Conc.of final soln 
stock in stock to 1000 i wa ter 9 1000 i- I ppm 
Ca(N0 3 )z 3800 190 5 950 
N 113 
Ca 161 
KN0 3 1416 70,8 2,5 177 
N 24 
K 65 
KzSO" 2330 116,5 2,5 291 K 116 
MgSO .. 4120 206,4 2,5 515 Mg 49 
H3 POt, Commercia l product 0,264 p 63 
Trace element TABLE 3.7 0,106 
sol n 
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TABLE 3.12 Details of composition of stock and final solution (1:200 dilutiol 
in the Guernsey treatment of the tomato module trial 
(Experiment 13) 
Chemical 
9 20 i-I 9 i-I i stock added Conc. of final soln 
stock in stock to 1000 i water 9 1000 i-II ppm 
Ca(N0 3 h 1200 60 5 300 N 47 Ca 57 
KN0 3 2840 142 5 710 N 96 K 262 
Urea 800 40 2 80 N 37 
I~AP 1360 68 5 340 N 37 p 71 
. 
3.4 TOMATOES - COMPARISON OF SIX MEDIA WITH AND WITHOUT PRE-ENRICHMENT 
(Experiment 13) 
3.4.1 Aim This experiment aimed to compare the two most important 
nutriculture systems used \'JorldVlide viz. pre-enrichment and total 
nutrient solution feeding, under Natal conditions, in combination 
with different media. The previously found best medium, which was 
used by growers at the time, viz. local peat and sand (3:1) was 
included as the standard. 
3.4.2 Procedure · The trial was laid out as a randomised blocks design 
with split plots and four replications. The whole plot factor was a 
comparison of two fertilisation methods:-
1. Guernsey recommendati ons (Moorat, 1981) with the pre-enri chment 
fertilisers being the same as those in Table 3.4 (Column 6). The daily 
nutrient solution application was modified from that recommended by 
Moorat (1981) in Table 3.5, as shown in Table 3.12. 
2. Modified Jensenls (1980) nutriculture solution as shown in 
Table 3.11. No pre-enrichment of the media took place. 
The split plot factor was six different media with each sub-plot 
consisting of two adjacent modules or six plants. The six media were:-
1. Umgeni river sand 1 oca 1 peat (3:1) 
2. Umgeni river sand 1 oca 1 peat (1: 1) 
3. Local peat 
4. Bagasse (Wood, 1981 ) (a by-product of the sugar industry, but 
different to "milo") 
5. River sand: bagasse (1:1) 
6. Mushroom compost: vermiculite (3:1), 
the mixtures being made on a volume basis. 
The respective media were filled into 42 I white plastic modules, 
similar to those used in Europe (Allen, 1980; Moorat, 1981). These were 
laid in the furrows of the 30 m ® Gundle Iroll- up sides l tunnel in a 
double row system to give a plant spacing of 500 x 400 10m. 
Tomato seeds (cv. Estrella) were sown into 50 mm diameter black 
plastic pots filled with local peat on 1979:03:10. On 1979:04:15 the 
pots with the seedlings were plac~d in position in the modules, three 
to a module. 
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First harvest was on 1979:08:01, and the trial was continued to 
1979:11:01 after the plants had earlier been topped at the overhead 
wire. Most plants had set 10 trusses. 
Records were taken of the time to first flowering; the number of 
nodes to, and height of, the first truss; plant height; and stem 
diameter at the middle of the internode between the first and second 
truss. The nu'mber and mass of marketable fruit (> 50 g) harvested 
from each truss was recorded. 
3.4.3 Results and Discussion 
Plant growth and fruiting Measurements of plant height at time 
i nterva 1 s throughout the growth peri od shmved that on the average 
pre-enriched modules gave rise to faster plant growth. At 111 days 
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after transplanting plants in pre-enriched media were on average 80 mm 
taller than those in non-enriched media. This difference was, however, 
non-significant (Fig. 3.7). There were, however, significant differences 
in the heights of plants growing in the different media (Fig. 3.7 ). 
~1ushroom compost:venniculHe was significantly better than sand:bagasse 
and highly significantly better than bagasse. There were no significant 
differences between peat, peat:sand mixtures and mushroom compost: 
vermi cul ite. Thi cker stems are usually associ ated with more vi gorous 
vegetative growth. Fig. 3.7 shows that there were significant differences 
between plants in the different media, and between those receiving 
different fertilisation treatments. Plants in the pre-enriched media 
had significantly thicker stems, except in the mushroom compost treat-
ment where the two fertilisation methods were equally good. This was 
probably due to the inherently high N, K and Ca levels in this medium 
(Table 3.1). On average this medium resulted in the most vigorous plants, 
although they were only significantly more vigorous than plants in 
bagasse and bagasse:sand. 
The most vigorous plants were in pre-enriched sand:peat (3:1), 
which was significantly different from pre-enriched mushroom compost: 
vermiculite, sand:bagasse and bagasse, and all non-enriched media 
(Fig. 3.7 ). 
Although some plants had vigorous vegetative growth no symptoms 
of excess nitrogen (balling of leaves at apex) were evident. According 
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growth and fruiting such that the plant stems never become excessively 
thickened and angular. 
There were also significant differences in the height to the first 
truss amongst piants growing in the different media (Fig. 3.7). First 
flowering occurred at the shortest plant height in the pre-enriched 
3:1 sand:peat medium. This was significantly lower than plants in 
bagasse, highly significantly lower than in sand:bagasse, and not 
significantly 10\!Jer than in peat, sand:peat (1:1) and mushroom compost: 
vermiculite (Fig. 3.7). Generally, therefore, the most vigorous plants 
had a lower first truss. 
The height of first flowering was related to the number of nodes 
subtending the first truss (Fig. 3.7). Plants which produced a lower 
first truss had fewer nodes to that truss. Differences, however, were 
small and non-significant. 
Although there were no significant differences in the time to 
first flowering (Fig. 3.7 ), there \olaS a tendency for plants grm'Jing in 
pre-enriched media to flower slightly earlier. The average time to 
first flowering was 55 days. 
The amount of fruit harvested per truss) and the period of time 
over which this fruit was harvested in relation to the time of sowing is 
shown in Fig. 3.8. First harvest took place almost 16 weeks from 
transplanting. The average yield on the first truss was 1 kg. Harvesting 
from this truss continued over a five week period. The yield was lower 
on each successive truss, until after the sixth truss when almost no 
marketable fruit was harvested. The trial was terminated in early 
November (Truss 11). 
This low yield on later trusses is believed to be related to poor 
pollination some 60 days before (Oosthuizen & Millar-Watt, 1978), when 
flowering occurred during the coldest part of the year. Temperatures 
during this period were typically as shown in Fig. 2.11 and were too 
low for viable pollen formation, and effective pollen germination and 
pollen tube growth (Calvert, 1964; Stevens & Rudich, 1978; Wittwer & 
Honma, 1979). Similar results were reported in Experiments 7 and 12. 
In this trial, and in the others mentioned, the additional fruit 
harvested from trusses 7 to 11 only marginally increased yields, and 
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truss six. For this reason the yield results for this trial only 
include fruit harvested from the first six trusses. 
Yield There were no significant differences between the plants 
in different media or those receiving different fertilisation treatments. 
On average, however, pre-enrichment resulted in higher yields than 
non-enrichment, except in the mushroom compost:vermiculite (Fig. 3.9a), 
which gave the highest mean yield. The highest yield was obtained in 
the pre-enriched peat or peat:sand mixtures (Fig. 3.9a). 
Examination of the truss by truss yield (F ig. 3.8) shows that the 
pre-enrichment resulted in higher average yields on truss one and two, 
but that there was little difference between fertilisation treatments 
on higher trusses. The early yield thus determined eventua l treatment 
differences, although these were non-significant. 
The mean fruit mass (Fig. 3.9b) was significantly higher in mushroom 
compost:vermiculite than all other media, and highly significantly 
higher than in bagasse and sand:bagasse. Pre-enriched media resulted 
in a heavier mean fruit mass in all treatments, and significantly so 
in sand:peat (3:1) and peat. 
A comparison of Tab les 3.10 and 3.11 sho\tJS that the Guernsey 
nutrient solution had higher levels of N ~17ppm compared to 137 ppm) 
and K (262 ppm compared to 181 ppm) than the Jensen solution used. 
This, as well as the pre-enrichment undoubtedly gave rise to the more 
vigorous vegetative growth reported, and also to the initially higher 
yields. At the time, however, it was thought that these plants were 
too vegetative. 
Leaf analysis, and medium analysis, are necessary to interpret 
the effect of the different fertilisation treatments more exactly. 
Adjustments to the levels of nutrients of Jensen's solution could 
result in equally good results, especially if media were considered 
individually. 
As in the previous trial yields were ~9,5 kg m- 2 for the 12 week 
harvest period (6 tru·sses), as compared to ~ 12 kg m- 2 in the U.K., 
due to the time of planting and limited climate control provided by 
the plastic tunnel. 
13! 















































Fig. 3.9 Yield and mean fruit mass of tomatoes grown in different 
media and receiving different fertilisation treatments 
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3.4.4 Conclusions The sand:peat (3:1) media produced good resu lts, as 
in the previous trial, and up to this time was still the most used 
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media by growers mainly because of its lmAJer cost (see 3.7) and re-usability 
Plentiful, cheap labour meant that the greater bulk density was not a 
problem. 
In conjunction with this medium most growers used a commercial, 
complete, nutri ent solution. The results of this trial shmved that 
equally good or better results could be obtained using the pre-en richment 
system. Management is easier using unskilled labour as fewer chemicals 
. are hand l ed in the feeding stage with no precipitation probl ems. 
3.5 TOMATOES - EFFECT OF TH REE NUTRITION PROGRAMMES AND FIVE MEDIA 
(Experiment 14) 
3.5.1 Aim Previous experiments (12 and 13) up to l ate 1979 resulted in 
Natal growers adopting a nutriculture growing system based on a local 
peat:s and medium. Watering was with a solution modified from Ellis 
et a~. (1974), made up from straight chemicals, or obtained as a 
commel~c i a l mixture. 
Since 1980, however , local peat became unobtainab le and an 
alternative became necessary. ~~ith an abundance of bark and sa\'Jdust 
in Natal, and noting the success of Maas & Adamson (1980 ) and Maree 
(1981c) with sawdust, and Wilson (1981) with bark, it was logical to 
test these media in response to the demonstrated grower need. 
Further, commerc ial nutri ent mixtures all differ in their 
percentage make up (App. Table 1), and recommended rate of application. 
Experiment 4, with seedlings, showed that by adjusting the elementa l 
concentrations good results could be obtained. Thus a further objective 
was to compare pre-enrichment according to Wilson (1981) with Jensen's 
(1980) nutrient solution, and a commercial product, ® Chemicult 
balanced to the levels recommended by Jensen. 
3.5.2 Procedure Black plastic bags (10 t) were filled with five 
different media and laid out in double rows at a spacing of 500 x 400 
mm in the 30 m ~ Gundle 'roll-up sides ' tunnel. 
Tomato seeds (cv. Angela) \tJere sown into bark in ® Speedling 
trays on 1981:02:25 and transpl anted into the pots in the tunnel on 
1981:03:20. 
TABLE 3.13 Concentrations (ppm) of elements delivered to tomato 
plants from the three fertilisation methods in 
Experiment 14 
Concentration (ppm) 
Element Scottish Jensen ® Chemicult I Recommended 
Jensen (1980) 
N 198 113 220 144 
P 42 36 27 62 
K 79 156 130 154 
Ca 53 271 165 
Mg 49 73 50 
S 65 135 6,5 
Fe 2,60 1,50 2,5 
~~n 0,28 0,24 0,62 
B 0,29 0,24 I 0,44 
Cu 0,08 0,02 0,05 







The trial was laid out as a randomised blocks design with split 
plots and four replications. The whole plot factor was a comparison of 
three fertilisation methods:-
1. Scottish recommendations (Wilson, 1981) for pre-enrichment of 
bark. To each m3 of medium a 3,3:1:1,3 (N:P:K) fertiliser mixture was 
added in the form of 0,54 kg KN0 3 , 1,47 kg LAN (Tab le 3.9) and 1,31 kg 
single superphosphate. In addition 5,0 kg ground limestone, 5,0 kg 
dolomitic limestone, 0,6 kg FRIT 504 (Table 3.9) and 0,2 kg FeS0
4
.7HzO 
were added, and thoroughly mixed in a concrete mixer. Twenty-five days 
after transplanting (recommended as 3-4 weeks ) daily liquid feeding 
commenced using a solution with the elemental concentration shown in 
Table 3.13. This was made up using KND 3 , MAP and urea. 
138 
I 
TABLE 3.14 Details of the stock and final solutions of modified Jensen's nutriculture solution used in 
Experiment 14 
Chemical 9 20 .e.-I 
stock ~mP.. stock ! Stock added to conc. ~O' OO l wa ter I ,e -I) !.t . (g . 
conc. final 
solution 
(g 1000 ,e- 1 ) 
% element 
in compound 





I KNO, 1 682 84,1 4 500 421,5 
N 56 N 13,5 r, 
Ca(N0 3 h·3H2 0 1 472 73,6 
H3 PO,+ 
~1gS0,+ • 7H 2 0 2 008 100,4 
FeC1 3 .6HzO 470 23,5 t 






Ca 19,0 % Ca 70 
368,1 
N 15,5 % 
135,5 P 26,6 % P 36 
Mg 9,5 % Mg 49 
502,2 
S 13,0 % S 65 






After 10 weeks the plants sho¥led Fe deficiency symptoms. This 
was corrected by adding an extra 2,6 ppm Fe as FeC1 3 .6H2 0 to the solution. 
2. Modified Jensen's (1980) nutriculture solution, made up as in 
Table 3.14 to give a final elemental concentra tion as shown in Table 3.13. 
No pre-enrichment of the medium took place. 
3. ® Chemicult (App. Table 1) at a rate of 1,0 g ,e-I plus 1,5 g .e.-I 
Ca(N0 3)2 + 0,5 g ,e-l MgSO~ to give a solution with the elemental 
concentrat ion shown in Table 3.13. 
The split plot factor included the following five media, with 
four plants per split plot. 
1. Pine bark milled through a 12 mm screen designated small bark (S8). 
2. Well composted, unmilled pine bark with a large particle size -
designated large bark (LB). 
3. Fresh pine sawdust (SO). 
4. Umg en i river sand:local peat (3:1) mixture (PS). 
5. Perlite (P). Two grades of perlite were used, a fine grade in 
the Scottish treatment, and a coarse grade in the Jensen and ® Chemicult 
treatments (Grade C95, supplied by Perlite Industries, Johannesburg). 
Management and watering was according to normal procedures (3.2). 
Records includ ed the time to first flower opening on the first 
truss, truss heights, and observations of the root systems at the end of 
the trial. The mass and number of fruit from each truss were recorded 
at weekly intervals, together with fruit grade, according to local 
market regulations, viz. grade 1 : > 50 mm diilln., grade 2 : 40-50 mm 
diam., and grade 3 : 30-40 mm diam. 
At the end of the trial samples of the different media were analysed 
for total salt content, using a saturated extract, according to methods 
at the Soil Analysis Laboratory, Cedara Agricultural College, Natal. 
3.5.3 Resul ts and Discussion 
Flowering Fertilisation trea tments gave I~is e to no significant 
differences in the number of days to first anthesis (Fig. 3.10a), which 
averaged 55 days. 
There were) however, highly significant differences between media 
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Plants in large bark flowered earliest (53 days), but only significantly 
earlier than those in perlite (59 days) (Fig. 3.10a). This was mainly 
caused by the late flowering in the Scottish/perlite combination, which 
was highly .significantly later than in any other treatment (Fig. 3.10b). 
Plants in the Scottish/large bark combination flowered significantly 
earlier than those in the Jensen/small bark and perlite combinations. 
The late flowering in the Scottish/perlite treatment was probably 
because perlite has no CEC (Wilson, 1981) and any pre-enrichment nutrients 
\'Jere qui ckly 1 eached. These plants suffered a general nutri ent defi ci ency 
early on, ~ntil the liquid feeding programme was started. 
All trusses formed at approximately the same heights, and there 
were no significant differences in the total number of trusses per 
plant. 
Yield Milin effects for the three fertilisation methods and the 
five media are presented in Fig. 3.11a, and interactions between them 
in Fig. 3.11b. There were no significant yield differences (over all 
media) between <ID Chemicult (ave. 5,6 kg) and Jensen (ave. 5,2 kg) 
nutrition programmes , but ® Chemicult \'Jas highly significantly better 
than the Scottish treatment (ave. 4,8 kg), and Jensen significantly 
better . With respect to media, the only significant differences 
(P = 0,05) found were that LB (ave. 5,4 kg) and SB (ave. 5,2 kg) gave 
high er yields than SP (ave. 4,5 kg). 
The interaction histogram (Fig. 3.11b) indicates several trends. 
Th e high mean yields (6 kg plant-I) in all ® Ch emicult treatments 
except SP (4,8 kg) are noteworthy. In this nutrition programme the 
yield in LB was significantl y higher than in SP. Jensen's treatment 
performed well except for a signi ficant ly lower yield in SP as compared 
to SO and perlite. In the Scottish nutrition programme LB was a 
significantly better medium than SO and perlite. 
Overall the worst combinations were with Scottish nutrition and 
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SO and perlite, averaging less than 4 kg plant-I. In these combinations, 
the media gave rise to poor root development (Fig. 3.16), and deficiencies 
of Fe, Mg and Mn developed due to leaching of the pre-enrichment fertilisers. 
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Components of _yiel~ The average number of fruit per plant was 65, 
with no significant differences between media (Fig. 3.12a). Differences 
between the two best and the worst fertilisation treatments were, however, 
highly significant (Fig. 3.12a) with the Scottish treatments averaging 
only 54 fruit per plant compared to 12 fruit per p"lant with ® Chemicult 
and 70 with Jensen's programme. Indi di vi dua 1 treatment combi nati ons 
were significantly different (Fig. 3.12b). In each media there were 
significantly fewer fruit per plant with the Scottish nutrition 
programme as compared to the other two programmes. 
The mean fruit mass on plants in the Scottish and ® Chemicult 
fertilised plots was significantly greater (P 0,05) than with Jensen's 
programme (Fig. 3.14a). Sand:peat resulted in significantly smaller 
fruit than all the other media (Fig. 3.13a). In combination with 
Jensen's treatment this medium produced fruit with significantly the 
lowest average mass (57 g) (Fig. 3.13b). This appeared to be due to 
the plants being over-vegetative with branched, long flowering trusses 
with many flowers and small 'ribbed' fruit. Alternatively, plants in 
the pre-enriched SP had fruit with the greatest average mass (Fig. 3.13b). 
These plants had fewer fruit per plant (Fig. 3.12b). 
As in previous trials the mean fruit mass decreased from truss 1 
up the plant. A comparison of selected treatment combinations (Fig. 3.14) 
shows that the Jensen's/SP treatment resulted in a lower fruit mass at 
each truss. In compari son Scotti sh/SP and ® Chemi cult/SO had better 
" sized fruit on each truss (but fewer of them - Fig. 3.12). 
The percentage fruit in each of three grades in the fertilisation 
and media treatments is shown in Fig. 3.15. The per cent. grade 1 fruit 
was significantly lower in Jensen's fertilisation method as compared to 
the pre-enriched Scottish method (60 per cent. vs 55 per cent.). 
Amongst the media, SP resulted in a high"ly significantly lower 
percentage grade 1 fruit. This was highest in SD and LB. Treatments 
with a lower percentage grade 1 fruit had a correspondingly higher 
percentage grade 3 fruit. The percentage grade 2 fruit remained 
relatively constant in each treatment, and no significant differences 
were recorded. 
There was a very low incidence of fruit quality defects and none were 























80 LSD NS 5% 1% 
70 I I 
GO ~ ~ 
l- cr: cr: I-..J « « l- e( 
(/) :::l en en (/) w 50 z 0 :::l 0-I- W ..J UJ 0 ~ ..J " 0 l-I- (/) W « cr: ~ z e( 40 0 Z I ~ e( « e( w 0 w 




IN 1 M E DIA 
1% 5% 









LB SO S:P P ~ ... 
MEDIA 
Number of fruit on tomato plants grown in different media 
and receiving different fertilisation treatments 
a) main effects 









































~ ~ ~ o z w 
<.> w :r: 
C/) -, U 
FERTILI SA T ION 
(b) 
-
- ~ ~ ex: CC 
« « I-
- co Ol C/) 
..J UJ 
::) 
..J 0 0 - « ex: ~ 
::i « .-c 

















BE T WEEN FERTS 
IN 1 M E DIA 
5% 1% 
I 1 
Mean fruit mass on tomato p 1 cmts grown indifferent medi a 
and receiving different fertilisation treatillents 
a) main effects 




















[J --rJ JENSEN/SP 
.-- . CHEMICULT/SO 





oT~ __ ~ __ ~I __ ~ __ ~l __ ~ __ ~ __ ~ __ ~ 
2 3 4 5 6 7 8 
TRUSS NUMf3ER 
Changes in fruit mass with truss number for selected best 























GRADE 3 30-40mm dlamoter 
GRADE 2 40-50mm dlometor 





~~ I I 
FERTILISATION MEDIA 
Effects of fertilisation and media on percentages of 
grade I, 2 and 3 fruit 
148 
Root observations (Fig. 3.16) The most prolific root system 
appeared to be in the SO medium. These roots permeated the whole 
medium and were well branched. In SP the root system was finely 
branched and very fibrous. Large bark resulted in roots which were 
thick and cord1ike. Root systems in P and SB were intenTlediate, 
although the two grades of perlite resulted in very different root 
systems. In the fine grade perlite the roots were predominantly at 
the top, and virtually no root penetration occurred into the centre 
of the medium in the pot (Fig. 3.16). This was not the case in the 
coarser grade. 
Differences between the root systems of plants receiving the 
different fertilisation treatments were also evident, with the 
smallest root systems being in the Scottish treatment, the most 
prolific systems in the ® Chemicult, and those with Jensenls programme 
intermediate (Fig. 3.16). 
Media analyses (Table 3.14) The different media were analysed 
one week after final harvest. On average perlite had a pH above 7, 
especially the finer grade in the Scottish treatment which had a pH of 
8,3. The lowest pHis were in the bark (~ 5), even in the Scottish 
nutrition treatment where li me had been added to the medium before 
planting. 
Conductivities were highest in the large bark and sawdust, but 
the highest levels measured were still below those recommended for 
gro\'Jing tomatoes (250-300 mS m- 1 according to Allen, 1980; Moorat) 
1981; Wilson, 1981). All pots received only water, for the final 
two weeks of the trial, and were thus leached fairly heavily. Media 
with the highest conductivi t ies therefore retained more of the applied 
nutrients, i.e. LB and SO, Small bark had a lower conductivity than LB 
i.e. it retained less nutrients. Brown & Pokorny (1975) also reported 
that coarse bark had a higher eEC than fine bark. 
The very low conductivity in perlite, is due to its extremely low 
CEC (Bunt, 1976), so that with only one or two applications of water most 
nutrients leach out. The SP also had a relatively 1m" conductivity. 
Total extractable Ca levels were highest in SO and LB, lower in SB 
. and very low in SP and perlite. There \"as a similar trend in Mg levels. 
This corresponds with the findings of Gartner & Williams (1978). The 
149 
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fact that levels were lower in milled bark appears to be related to 
the lower CEC of this medium. 
Potassium levels were also highest in SO and bark, and lowest in 
SP. Perlite, however, had a relatively high level. 
Sodium levels were much higher in SO than in any other medium, 
but should not not have been limiting to growth. 
In Guernsey (Moorat, 1981) a pre-enriched sphagnum peat should 
have levels of 200 ppm Ca, 300 ppm K and 55 ppm Mg. In comparison, 
the levels in Table 3.17 are far higher for Ca and Mg, and except in 
Sawdust too low for K. It must be noted, however, that the analysis 
shown was for 'total extractable' amounts, whereas the Guernsey extraction 
technique is for 'available' amounts (Hallas, undated). 
Differences in the media due to the fertilisation method were 
also evident (Table 3.17). All media receiving Jensen's solution had 
a low pH, due to use of the phosphoric. acid 9 despite the fact that the 
... ,ater used had a pH value above 7, as recommended by ~1aas & Adamson 
(1980). Media which received ® Chemicult had a slightly 10\>Jer pH 
than those in the Scottish treatment. The acidifying effect of 
~ Chemicult was recorded earlier (Experiment 12). 
The average conductivity was not markedly different in the different 
fertilisation methods, but this was more related to the CEC of the media 
since the pots were leached before analysis. 
Total extractable Ca was highest in those media receiving the 
Scottish treatment, due to the lime applied as pre-enrichment, although 
the same was not true for Mg. The average Mg levels were higher in 
Jensen's treatment, due to the high level of Mg in the sawdust. 
Potassium levels were highest in the Scottish treatment, and lowest in 
Jensen's. 
The media analyses, although giving information on media and 
fertilisation, did not correlate well with plant yields in the different 
t~eatments. One except~ on was sav1dust, \"hi ch had & good pH value and 
hlgh levels of most catlons, and yielded well with Chemicult and Jensen's 
solution. It would appear that too much pre-enrichment occurred with 




TABLE 3.15 Analysis of the different media receiving different 
fertilisation treatments at the end of Experiment 14 
Fertil isation pH Sa t. i'1o; sture Conductivity Total Extractable 
(ppm) 
Media ~KCl ) Content mS nil .Ca ~1g K Na 
SCOTTISH 
SB 5,0 332 94 226 92 168 176 
LB 5,4 280 227 532 225 371 166 
SO 6,2 506 165 790 207 494 535 
SP 5,4 39 106 116 8 41 36 
P 8,3 432 51 35 21 337 318 
Mean 6,1 318 129 340 111 282 246 
JENSEN 
SB 4,5 370 68 1193 133 72 166 
LB . 4,8 181 175 532 133 170 215 
SO 4,2 530 257 790 788 248 729 
SP 5,0 34 109 116 16 27 21 
p 5,8 201 29 35 7 47 77 
Mean 4,9 263 128 289 215 113 242 
® 
CHEMICULT ---
S8 15,4 318 110 369 172 37 265 
LB 5,4 273 156 344 207 224 271 
SO 6,3 653 89 392 110 688 627 
SP 6,6 26 88 17 8 11 12 
p 7,0 422 82 211 76 115 567 
Mean 5,7 338 105 267 115 215 348 
MEDIA 
MEANS 
SB 5,0 340 91 263 132 92 202 
LB 5,2 245 186 355 188 255 217 
SO 5,6 563 170 736 368 477 630 
SP 5,7 33 101 52 11 26 23 
P J ,0 351 
I 
54 86 35 166 321 
.--
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It was apparent that perlite was unsuitable for pre-enrichment 
because of its low CEC, which resulted in pre-enrichment fertilisers 
being leached out in the first three weeks. A similar situation existed 
in the sand:peat medium. These media, however, performed well wherl used 
with a complete nutriculture solution like Jensen's or <B> Chemicult. 
Table 3.15 also shows the saturation moisture content of the 
different media. It can be seen that this was highest in sawdust, 
slightly lm'ler in perlite and small bark, then large bark and very low 
in sand:peat. These figures show the same trend as that for moisture 
retention (Table 3.10). 
3.5.4 Conclu~ions The LB medium resulted in good yields and the greatest 
number of fruit. <B> Chemicu1t fertilisation produced the highest yields 
and number of fruit. It must be noted that in the Jensen's modified 
solution the levels of Nand Ca used were lower than recommended. 
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Further, as previously stated, media and leaf analysis should be regularly 
carri ed out duri n9 ex peri ments. Further resea rch. into pre-enri chment is 
necessary to detennine the optimum amounts of Ca and ~1g to add in 
conjunction with the inherent content of the media. Further research is 
also required on the optimum levels of N, P, K, Ca and Mg to use under 
local conditions andin different seasons. 
The conclusion can also be reached that virtually any reasonable 
medium can perform as well as any other provided the physical properties 
~.g.aeration,CEC) are suitable, and that the nutrition is balanced to 
suit the chemical properties and rate of decomposition of the medium. 
In the final analysis convenience and cost playa large role. 
Total nutrient feeding resulted in better results than pre-enrichment 
in all media. Pre-enrichment was not as poor in media with a higher 
CEC (bark) indicating that less leaching had taken place in the long run. 
It has therefore become obvious that pre-enrichment should only be 
considered where the medium has a good CEC. 
3.6 CUCUMBERS - COMPARISON OF THREE NUTRITION PROGRAMMES AND FIVE 
MEDIA (Experiment 15) 
3.6.1 Aim A suitable alternative medium to local peat was also required 
for cucumbers. This experiment aimed to compare several locally available 
media, including one which had been used several times for cucumbers, in 
conjunction with pre-enrichment or total liquid feeding using Jensen's 
(1980) recommendations and a commercial product balanced to these 
levels. 
3.6.2 Procedure Black plastic bags (15 i) were filled with five 
different media and laid out in double rows at a spacing of 500 x 500 mm 
in the 30 m ® Gundle 'roll-up sides ' tunnel. 
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Cucumber seeds (cv. Pepi nex) were sown in m; 11 ed bark ; n <I'D Speedl i ng 
trays on 1980:10:01 and transplanted into the pots in the tunnel on 
1980:10:15. First harvest was on 1980:11:05 and the trial was terminated 
on 1980:12:15, by which time treatment differences were evident. 
The trial was laid out as a randomised blocks design with split plots 
and four replications. The whole plot factor was a comparison of three 
fertilisation methods:-
1. Pre-enri chment of the medi a accordi ng to Guernsey recommendati ons 
(Moorat, 1981), with the pre-enrichment fertilisers being as shown in 
Table 3.4 (Column 6). The daily nutrient solution application was as in 
Table 3.5, made up using urea, MAP and KN0 3 as recommended by Anon. (1979). 
The N:P:K concentrations were 170:40:280 ppm respectively. 
2. Modified Jensen's nutriculture solution as in Table 3.14, except 
that the amount of CaN0 3 was increased so that there was 259 ppm N, and 
330 ppm Ca as recommended in Table 3.3 by Ell is et ale (1974) and 
Jensen (1980). No pre-enrichment of the media took place. 
3. ® Chemicult at 1,15 9 .e.-I (Table 3.8), balanced with added 
Ca(N0 3)2 (~,5 g i_I) and MgS04(O,5 9 l71) to give a final solution containing 
194 ppm N (Table 1.2). No pre-enrichment of the media took place. 
The split-plot factor included five different media with four 
plants per split plot. The five media were:-
1. Mushroom compost - a compost made from horse manure and 
wheat straw and used for two mushroom crops before being steam 
sterilised and discarded. The product also contains.:!:. 10 per cent. 
local peat, which was used as a topping to improve mushroom sporulation. 
A nutrient analysis of the product is shown in Table 3.3. 
2. Pine bark - from old Pinus patula trees, and milled through an 
18 mm screen in a hammer-mill before composting, without added nutrients, 
for six weeks before use. 
3. 'Milo ' or 'filter press cake ' (Wood, 1981) a by-product of 
the sugarcane industry, and with a nutrient analysis as shown in 
Table 3.3. 
4. Umgeni River sand:local peat mixture (3:1). 
5. A mixture, the same as in (4) but used by a local grower for 
five cucumber crops prior to inclusion in this trial, and hereafter 
referred to as 'old peat'. 
Management and watering was according to normal procedures (3.2) 
but only main stem fruit were harvested, and the trial was tenninated 
when the plants reached the overhead wire. 
At each weekly harvest the fruit from each treatment was measured, 
both in length and diameter, and its mass determined. The fruit was then 





>400 mm length 
350-400 mm length 
300-350 mm length 
< 300 mm length. 
3.6.3 Results and Discussion 
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Yield Overall yield was highly significantly best in Jensen's 
treatment, with the plants producing an average yield of 4,3 kg of fruit 
over the six week harvest period (Fig. 3.17a). The next best fertilisation 
treatment was ® Chemicult, which was significantly better (P 0,05) than 
the Guernsey treatment, which averaged only 2,1 kg of fruit. 
These differences appear to be best explained by examining the 
N content of the different nutrient solutions which were 259, 194 and 
170 ppm respectively in the Jensen,® Chemicult and Guernsey treatments. 
The K content was also higher in the Guernsey treatment, a fact which 
has been reported by Allen (1980) as being detrimental to cucumbers. 
Latest recommendations are that K levels should be 30 to 50 per cent. 
lower than those recommended for tomatoes in the U.K. i.e. 150-200 ppm 
vs 300-350 ppm (Anon. ·, 1980d). 
Media differences were also evident (Fig. 3.17a) with pine bark 
giving a significantly higher yield than sand:peat, and a highly 
significantly higher yield than old peat. Both milo and mushroom 
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a) main effects 
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were not significantly different from pine bark. It was notable that 
the three media which had relatively high initial nutrient contents 
resulted in the highest yields with a complete nutrient solution, but 
with pre-enrichment performed badly. This indicated that medium 
nutrient levels were too high for cucumbers. This would need to be 
confirmed by medium and leaf analysis. As with tomatoes further 
research into pre-enrichment levels of K, Ca and Mg is necessary in 
order for the pre-enrichment system to be used succesifully in cucumbers. 
There was some interaction between media and fertilisation, the most 
notable being that the Jensen treatment highly significantly improved 
yields in the old peat (Fig. 3.17b). In all media Jensen's solution 
produced highly significantly better yields than the Guernsey treatment, 
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and significantly better results than ® Chemicult, except in the sand-peat 
v/here ® Chemicult gav e equally good yields, On average the s"ingle best 
treatment was the Jensen/pine bark comb ination, although this was not signif i 
cantly ~ifferent from the Jensen/mi lo and Jensen/mushroom compost combinatior 
~Jithin the Guernsey and <ID Chemicult treatments the different media 
gave very similar results, except the old peat which was signHicantly 
the worst medium (Fig. 3.17b). As in previous experiments these yields 
were a relatively short harvest period, in comparison to long season 
crops overseas. 
Number of fruit per elan,! The mean number of fruit per plant was 
greatest in the highest yielding fertilisation treatment (Fig. 3.18a). 
Amongst the media the use of pine bark and milo resulted in significantly 
more fruit per plant than peat:sand and old peat. 
Examination of the individual treatment combinations (Fig. 3.1Bb) 
shows that the Jensen treatment improved the number of fruit per pl~nt 
in old peat so that it was not Significantly different from the best 
treatment. 
Mean fruit mass There were no significant differences in mean 
fruit mass between any of the treatments. There was a trend for 
® Chemicult to result in slightly heavier fruit, presumably b2cause 
there were fewer fruit per plant. 
Fruit size The proportion of class 4 fruit (smallest) varied 
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The proportion of Class 3 fruit was highest in the worst yielding 
treatment viz. Guernsey/old peat. In pine bark and mushroom compost 
only between 10 and 20 per cent. of the fruit were in this size class. 
The average diameter of fruit in this size class was 51-52 mm with no 
significant differences between treatments. The percentage of Class 2 
fruit was fairly uniform, and not significantly different in all treat-
ments (Fig. 3.19), averaging from 30 to 50 per cent. Within this length 
class, fruit from Jensen's treatment had a significantly smaller fruit 
diameter (Fig. 3.20a and b) than in the Guernsey treatment. The trend 
was evident, therefore, that Jensen's treatment resulted in more, longer 
and thinner fruit. 
Best quality fruit (Class 1) was produced in significantly greater 
proportions in mushroom compost, pine bark and sand:peat as compared to 
milo and old peat (Fig. 3.19). In all media, except milo, there were 
also significantly fewer Class 1 fruit in the Guernsey treatment. The 
two best individual treatments were <ID Chemicult with pine bark and 
mushroom compost, which resulted in over 50 per cent. Class 1 fruit. 
Cl ass 1 fruit in the ® Cherni cult treatment was notably, but not 
significantly, narrower (Fig. 3.21), having a diameter of 52-53 mm, 
compared to fruit in the Guernsey/pine bark which had an average 
diameter of 62 mm. 
In the above di scuss i on it must be noted that time from anthes -j s 
can affect fruit size at harvest in cucumb ers. Although at each weekly 
harvest frui t of a s imi"l ar stage of maturity was harvested as far as 
possible,fruit size measurements are obviously somewhat subjective. 
3.6.4 Conclusions All the media tested gave equally good results on 
average except for a lower yield in used sand:peat. On average pine 
bark was the best medium although this was not significant. 
Total liquid feeding was superior to the Guernsey pre-enrichment 
used. Jensen's solution with 259 ppm N resulted in better yields 
than an adjusted commercial mixture containing 194 ppm N. 
The highest yielding single treatment combination was Jensen's 
nutrient solution with pine bark or mushroom compost. These treatments 
resulted in the most fruit per plant with 50 per cent. Class 1 fruit 
which, on average, had a smaller diameter. 
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3.8 GENERAL DISCUSSION AND CONCLUSIONS (Chapter 3) 
The nutrient solution recommendations of Ellis et al. (1974) and 
Jensen (1980) have proved suitable under local conditions for tomatoes 
and cucumbers and can be recommended to growers. Although no significant 
differences in yield were fonned v-/here fairly wide ranges of Nand K 
especially were used for tomatoes it is the author·s opinion that 
commercial mixtures should be balanced \'Jith added nutrients to 
approximate Jensen·s fonnula. Thus ® Chemicult,. at the rates shown 
in Table 3.16, is low in N, Ca and Mg for cucumbers by comparison, and 
® Aquapon is almost the same as recoll'dllendations. These rates (Table 3.16) 
are not, however, the recommended rates on the labels of the commercial 
products, ~t are suggested by the author for cucumber growing) and 
are used in practice. Where an element is at a lower level than 
recommended straight fertilisers can be added to the commercial mix 
e.g. Ca(N0 3 )2 and MgN0 3 to QD Chemicult in Table 3.16. 
The cost of the different nutrient solutions, balanced to approximately 
equal concentrations for cucumbers (Table 3.16), shows that it is cheaper 
for a grower to mix his own solution from straight chemicals all of which 
are now available in South Africa. Jensen·s mix (Table 3.14) for 
cucumbers cost Rl,20 1 000 .t- 1 (Table 3.16) in comparison to the cheapest 
commercial product balanced to the same nutrient level which was 
® Chemicult at Rl s 51 1 000 ,C I • The most expensive \'/as ® Aquafert 
at R2.39 1 000 l-I. Further research similar to that of Fontes (1980) 
must be carried out to work out least cost combinations of fertilisers 
in solution for local growers. 
Where a medium had a relatively good CEC e.g. peat, bark,then the 
pre-enrichment system tended to give better results in tomatoes. In 
cucumbers a complete nutrient solution without pre-enrichment has given 
better results. This appears to be due to a too high salt concentration 
where pre-enrichment was applied to a medium which naturally had a high 
level of Ca, Mg and K. A pre-plant medium analysis with supplementary 
nutrients added to bring the medium levels up to recommended amounts 
is essential, especially for cucumbers. 
Further research is required on how much pre-enrichment should be 
added to bark and sawdust. In certain crops Gartner·s (1981) assertion 
that no Ca and Mg should be added appears to be correct. Differences 
between hardwood and softwood barks need to be examined in more detail. 
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Table 3.16 The costs (cents) and chemical . composition (mg i-I) when diluted of commercial products suitable 
complete nutrient solution feeding programmes, in comparison to Jensen's (1980) recomendations 
for cucumbers 
COtJJ~ERC IAL PRODUCTS AND RECO;'~~ E rmED RATES 
Recorrmended ® Chemicult ~ Aquapon (AQ) ® Aquafert (AF) ® Speedl ing Jensen (l980) Element (cucumbers) 3,56 ml .e.-I AQ.1 2 ml .e.-I AF 1 
Table 3.14 1,15 g i-I +1,34 ml t- I AQ.2 +2 ml i-I AF 2 1,23 g .e.-I 
N 259 75 260 180 112 
p 36 31 26 42 32 
K 156 150 150 210 150 
Ca 330 86 256 120 113 
r19 49 29 68 30 32 
S 6,5 81 52 2,8 54 
Fe 2,5 1,73 ?,68 3,4 3,69 
:-In 0,62 0,28 0,93 1,4 0,3 
B 0,44 0,28 1,0 1,3 1,3 
Cu 0,05 0,23 0,05 0,03 0,06 
Zn 0,09 0,06 0,24 0,02 0,33 
f.ln 0,03 0,01 0,05 0,10 1,23 
r\UL.JlII 'lI:. ~ l\t.IllilKI:.U T(flWP1WXlh,lfE -JEHSGf (l ':lbU ) 
Ca{ f\ 01h1,Og.e.-1 1 Nil ra{N01h 0,5 9 .e.-I I Ca(NOlh 0,73 g /..\ 
/·1<] NO) 'O ,25 9 r l 
IOiAL coSI 1 000 I-I (January,rggzy 
CHEll. " ,4 AQ 1 135 ,3 r' 1 lOS ,0 .SPEED. 145,0 
Ca{NOlh 45,0 AQ 2 50,9 AF 2 108,0 Ca{NOlh 33,6 
t1gNO) 26,0 Ca(NO))2 23,0 
119,5 151,4 1B6,2 239,0 178,6 
In comparing the two systems for tomatoes it was notable that 
earlier flowering, flowering at a lower first truss height, and higher 
early yield was associated with pre-enrichment, consistent with European 
findings (Moorat, 1981). 
Cost wise the pre-enrichment system is cheaper. Pre-enrichment 
costs Rl,60 m- 3 (Table 3.17) or 1,6 cents per 10 i pot for tomatoes, 
which is extremely cheap. The nutrient solution for tomatoes using 
this method (Table 3.18) costs from 55 cents 1 000 i-I (Scottish) to 
78 cents 1 000 i-l (Guernsey) in comparison to Jensen's at 94 cents 
1 000 i-l. 
In the author's opinion the pre-enrichment system is the easier 
for producers to use as only three fertilisers, which do not precipitate 
when mixed together are used in the nutrient solution. In comparison 
precipitation can be a problem in a complete nutrient mix, and more 
expertise is required. In certain cases e.g. Experiment 13, tomato 
yields were better in a medium with a high initial nutrient level 
(mushroom compost) which was watered with a complete nutrient solution. 
This indicates that pre-enrichment plus a complete nutrient solution 
may have advantages in certain circumstances e.g. long tenn crops. 
In all cases medium and plant analysis, and continuous salinity 
monitoring are essential to assess the nutrient status of the crop, 
and facilities for local growers need to be established. 
With respect to media, it has been shown that bark, and sawdust, 
are suitable substitutes for local peat. Two commercial companies have 
recently started processing bark in the Natal area for growers of tomatoes 
and cucumbers, and for the raising of seedlings. Mushroom compost has 
also produced good results. 
Results have shown that most media can be used successfully for 
tomato and cucumber production provided that management of the medium 
is correct, and the physical properties are reasonable. This management 
must include a knowledge of the physical and chemical composition of the 
medium. If there is little CEC e.g. sand or perlite, then best results 
have been obtained where a complete nutrient solution was used. Media with 
a relatively good CEC are suitable for pre-enrichment. 
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TABLE 3.17 Costs of fertiliser for pre-enrichment using the 
Guernsey and Scottish recommendations, and the 
fertiliser prices shown in Table 3.9 
Ingredient Scottish Guernsey 
Cost Cost 
kg m- 3 c m- 3 kg m- 3 c m- 3 
KN03 0,541 18,9 0,88 30,8 
LAN 1,468 31,4 
Singlesupers 1,313 14,8 1,75 19,8 
Calcitic Lime 5,0 14,3 
Do 1 omit i c Lime 5,0 14,3 5,35 15,3 
FRIT 504 0,3 57,6 0,4 76,8 
FeSO,+ 0,2 8,4-
K2 SO,+ 0,44 10 ,8 
Ureaformaldehyde 0,44 
TOTALS cents m -3 159,7 154,5 
cents 10 l -1 1,60 1,55 
Costs of the different media are compared in Table 3.19. Note that 
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certain media which may be re-used several times may be cheaper than shown 
when averaged over several crops, as poi nted out by ~1aree (1981c). 
Table 3.19 shows the excessively high price of imported peats. 
Vermiculite, perlite and polystyrene are the next highest priced media. 
Local peat, bark and mushroom compost are similarly priced at ~ 16 c 
per plant in tomatoes (10 l), but are not as cheap as softwood sawdusts 
which at present can be obtained for the cost of cartage, estimated at 
R5,00 m- 3 • 
TABLE 3.18 Chemical costs (cents) for different nutrient solutions used 
in experiments in Chapter 3 
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Table 3.12 Table 3.14 Table 3.13 Table 3.14 I Tomatoes Tomatoes Tomatoes Tomatoes Cucumbers 
Ca(N0 3 h 13,8 42,7 16,9 78,6 
KN0 3 24,9 6,2 14,7 12 14,7 
Urea 2,2 17 
MAP 37,4 26 
K2 SO .. 7,2 
MgSO .. 13,9 13 ,6 13 ,6 
H3PO .. 22,2 11 ,5 11 ,5 
FeC1 3 0,73 0,73 0,73 
I 
MnSO,+ 0,07 0,07 0,07 
H3 BO ,+ 0,12 0,12 0,12 
ZnSO,+ 0,03 0,03 0,03 
CuSO" 0,01 0,01 0,01 
(NH'+h Mo 7 O,+ 0,09 0,09 0,09 
TOTAL COST/1000 l 78,3 94,2 57,8 55 119,5 
ELEMENT (ppm) 
N 217 137 113 296 259 
P 71 63 36 50 36 
K 262 181 156 120 156 
Ca 57 161 70 330 
Mg 49 49 49 
Fe 2,5 2,5 2,5 
Mn 0,28 0,28 0,28 
B 0,29 0,29 0,29 
Cu 0,08 0,08 0,08 
Zn 0,05 0,05 0,05 I 
Mo 0,03 0,03 0,03 
Sand is also relatively cheap and mixtures with sand have proved 
popular with growers as this reduces the cost of the local peat or bark. 
Addi ng an organi c medi a to sand improves its "later hal di n9 capacity and 
makes managerrent easier where sophisticated \'Jatering systems are not in 
use, and unskil1 erl labour is involved. 
TABLE 3.19 Cost of individual media and mixtures used in experiments 
in Chapter 3 
Cost Cos t pe r 10 f. potl Cos t per 13 f. pot 
(R m- 3 ) (Tomatoes) (Cucumbers) 
(Cents) (Cents) 
1 Irish peat 147,1 147 191,1 
2 Local peat 19,0 19 24,7 
' 3 Venni cui ite 30,0 30 39 
4 Perlite 49,5 49,5 64,4 
5 Sand 8,8 8,9 11 ,6 
6 Polystyrene 60,0 60 78,0 
7 Bark (milled) 16,0 16 20,8 
8 Sawdust . 5,0 5 6,5 
9 Mushroom compost 16,0 16 20,8 
Mixtures -
2 + 3 (1:1) 24,5 31,9 
5 + 2 (2:1) 12,2 15,9 
5 + 2 (3:1) 11 ,4 14,8 
2 + 4 (1: 1) 34,5 44,9 
2 + 6 (1: 1) 39,5 51,4 
1 + 3 ( 1: 1) 88,5 115,1 
9 + 3 ( 1: 1) 23,0 29,9 
The excellent results of Maree (1981c) with fresh sawdust, based on 
the system of Maas & Adamson (1980) makes this a medium which should be 
examined in more detail. Perlite has also give~ good results but appears 
to be too expensive in comparison to cheaper organic materials. Yields 
were better in a coarser grade product, as found by Wilson (1980a), 
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which unfortunately is also more expensive than finer grades 
(Anon., undated c). 
Re-usability of a medium is also an important aspect to consider, 
and Jensen's (1975,1980) reasoning that sand holds an advantage over 
organic media in this respect holds true. Local growers have re-used 
sand:peat mixtures up to six times, although as has been shown here 
yields may decrease, presumably due to salt build up. Thorough leaching 
and sterilisation of media between crops is recommended together with 
chemical analysis. Results also showed that where a complete nutrient 
solution was used with an old medium yields were still reasonable. 
Other inorganic media have also been re-used successfully several times 
e.g. rockwool (Maree, 1981a). In vermiculite, however, the lattices 
collapse, and topping up with new medium is required, thus increasing 
the cost. 
Of the organic materia l s the rate of composting is slowest in 
pine bark (Gartner, 1981) followed by hardwood bark and sawdust. 
Adamson (1977) re-llses sa\'-J dust twice in one season. There has only 
recently been interest in Europe in re-using peat modules to reduce 
costs, and this has been done with success (Johnstone, 1980; Moorat, 
1981) . 
In conclusion local grov/ers are presently recommended to use bark 
which has been pre-enriched for tomatoes, and without enrichment using 
a complete nutrient solution, with the nutrient levels reconmended by 
Jensen (1980), for cucumbers. 
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OVERALL DISCUSSION AND CONCLUSIONS 
Soilless cultivation of tomatoes and cucumbers under protection in 
Natal and in other parts of South Africa has advanced considerably since 
the first tunnels were erected nearly 10 years ago. Initially there was 
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a somewhat hasty erection of tunnels in different areas during a seller's 
market, based on glossy photographs and high -power advertising. This was 
followed by a period when many empty abandoned 'shells' dotted the country-
side. A lack of grower and research knowledge was the major problem. 
Adverse climate, yield failul'e and marketing also combined to cause finan-
cial problems for growers. 
The importation of more suitable cultivars by seedsmen, and increased 
research output, resulted in a small but stable industry. A few persistent 
and successful growers became established in selected climatic areas. With 
better advice ava ilable and the establi shment of an Association for growers, 
the industry recen t ly entered an expansion phase. 
Climatic factors play an important role. The most successful growers, 
and the back-up research unit s , are in marginal climates where outside 
growers are sometimes adversely affected byvl2ather. The modified tunnel en-
vironment enables a crop to grow during what is then a high priced period 
for tomatoes and cucumbers. Pietermaritzburg in Natal, and Stellenbosch in 
the Cape , are two such areas around which tunnel growing has gained a secure 
foothold, perhaps si gnificantly also because research advice is easily avail-
able. 
Research reported in th i s thesis, and by Maree at Stellenbosch, has 
shown that in summer, maximum irradiance levels are in excess of 1000 W m-! ' 
This may be more of a problem in the Cape which experiences a Mediterranean 
climate and has little cloud cover in summer. In Natal, frequent cloud cover 
reduces the total radiant density. Levels, however, are still far higher 
than in Europe in summer (25 MJ mJversus 16 MJ m-2). Associated with this 
are very high tunnel temperatures with associated fruit set and yield pro-
blems. 
These conditions have resulted in interest in shading, both to reduce 
tunnel temperatures and radiation intensity. The amount and timing of 
shadi ng, hOl,<,ever, requ i res further research. Hammes e t aL. t 1980) showed 
that 60 per cent reduced tomato yields in summer. Cucumber dry mattel~ yields 
in Pietermaritzburg were reduced at 300 W m- 2 under 30 per cent shade cloth, 
as compared with 450 ~J m··2 undel~ plastic alone. 
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Photosynthesis data 1n the 1 iterature sugg' est that 700 H m-<! may be 
opttmum for field cucumbers (Sale, 1977), but that lower levels of 400 W m- 2 
are sufficient for tomatoes (Calvert, 1973). Optimum irradiation intensities 
for photosynthesis in specific tomato and cucumber cultivars should be 
studied under local conditions. At the same time experiments with different 
degrees of shading at different times of the year must be carried out, and 
especially in the hot t er months. Several local growers have already erected 
shade houses in preference to plastic tunnels for tomatoes, using nutri-
culture systems in summer. 
It has also been shown that spacing and layout affect radiation in-
terception. Further research is justified to determine the best plant 
arrangement and trellising system (e.g. single rows or double rows) in res-
pect of yield, quality, manage me nt and disease control in Natal. To date 
trellising systems have been poorly researched. Most growers prefer short 
term crops (plants topped at the wire ) as disease and insect control are 
serious problems locally. 
Winter hea ting of tunnel s to maintain optimum growth temperatures for 
tomatoes and cucumbers has generally not succeeded in South Africa, mainly 
for financial reasons. The price structure, in tomatoes especially, does 
not justify the investment. Out s ide growers in frost -free areas can com-
pete with very low costs. The greenhouse cucumber price, however, has 
improved recently. W1th no chance of outside competition, winter heating 
may now be a proposition for thi s crop. 
Polystyrene seedling trays have been used successfully for seedling 
establishment in a wide range of media. Recently, however, pine bark milled 
through a 6 mm screen has given excellent results. Although some growers 
still prefer imported Canadian and Finnish peats at higher costs, research 
has shown no justificat10n for this in terms of seedling growth, and the 
formation of a compact root plug. 
More research is required on the optimum particle size distribution 
in bark. Air capacity, water holding capacity and CEe need to be determined 
in bark which as been milled through different mesh screens. These pro-
perties must then be related to seedling growth. A difference may also 
exist between bark which has been milled or sieved to a particular particle 
size. 
Best tomato seedling growth was obtained in pre-enriched bark which 
was watered with a total nutrient solution con taining 184ppm N, 27ppm P and 
130ppm K. Cucumber seedlings grew better without pre-enrichment, but with 
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the same nutrient solution. Future experiments must determine more accur-
ately the optimum and changing levels of N, P and K in the nutrient 
solution. They must also test \~hether a total nutrient solution is better 
than a solution containing only N or K, or Nand P, Nand K or N, P and K 
in a pre-enriched n~dium. Furt her, it is also necessary to know whether 
the levels or N, P and K should be changed just before transplanting to 
harden seedlings. 
Tomato seedlings were not grown to first flowering to measure the 
height and number of flowers in the first truss, nor were they critically 
compared with seedlings grown in small pots. Where earliness in spring is 
important this comparision would be worthwhile. 
A wide range of media were also tested for tomato and cucumber growing 
after transplanting. Although good results were obtained earlier in local 
peat and sand, growe rs were forced to seek an alternative as the supply of 
local peat diminished. Of a range of locally obtainable media, best results 
have been obtained with pine bark. Other media such as sawdust have also 
proved adequate provided the nutrition programme is adjusted to overcome 
the increased nitrogen demand. 
A uniform nutrition programme was always used in medium comparison 
experimen ts . Under these programmes pine bark generally performed better 
than sawdust. Improved nutrition/media results could be obtained using 
smaller plots with individual nu t r i tion programmes, as used by Paterson & 
Hall (1981) and Wilson (1981). 
As in seedling s , the particl e size distribution in bark and sawdust 
must be further researched. Thus far,larg er particle mixes have been best 
in tomatoes and cucumbers. As shown by Brown & Pokorny l1975) these have a 
higher CEe and better aeration, but lower water holding capacity. These 
characteristics need to be determined for sawdust. 
The overall choice of medium, providing that its physical characteris-
tics are suitable, then depends mainly on local availability, price and re-
usability. Nutrition should then be adjusted accordingly. 
The CEe of the medium is an important consideration when choosing the 
type of management and equipment to use. Th~ simplest system is to use a 
medium with suff icient CEe for pre-enrichment to be feasible. To date this 
has worked better with tomatoes than cucumbers. In cucumbers better re-
sults were obtained with a total nutrient solution based on Jensen (1980). 
Further research to overcome this problem is being undertaken on the level 
of pre -enrichement for cucumbers. 
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Where a medium has little or no CEC, e.g. sand, perlite, a complete 
nutrient solution system must be considered. This requires greater manage-
ment, more technical knowledge and more equipment. In terms of nutrient 
cost per 1 000£ of solution this system is also the more expensive. 
The levels of the specific nutrients in Jensen's solution have worked 
well for tomatoes and cucumbers in Natal, as have European recommendations. 
The main difference lies in the levels of potassium for tomatoes. J\lthough 
the lower levels in Jensen's recommendation result in equally good yields 
there may be a case for higher levels to improve keeping quality, as recom-
mended by European workers. 
Commercially available total nutrient mixtures have proved suitable 
for cucumber and tomato growing. These contain different percenta ge nutrient 
amounts, and at recommended rates contain different levels of the major 
nutrients. Preferably they should be balanced with added nutr ients so that 
the final solution approximates Jensen's recommendations. 
In pre-enrichment comparison s Wilson's (1981) recommendations for bark 
have also proved suitable. Some refinements for local conditions could be 
suggested by further re search, especially where Fe, Mn and Mg deficiencies 
have occurred during l ater stages of growth. 
The nutrition re search in this thesis could have been more meaningful 
had leaf. and medium analysis facil ities been available at the time. Generall : 
growers in Na ta l require more technical back-up, and facilities for leaf and 
medium analysis must be provided. This, with constant conductivity monitorin. 
would improve their management capabilities considerably. 
In conclilsion, research has shown that tomatoes and cucumbers can be 
grovm successfully in are~with mil~ winter frosts, using nutriculture 
methods ··in tunnel s which provide a 1 illlited form of cl imate control. Good 
management of the crop environment, emphasizing ventilation aided by improved 
tunnel deSigns e.g. roll up sides, can give good yields. This has resulted 
in a now firmly established, and presently expanding, protected environment 
vegetable industry. Further, bark as a growing medium is now being processed 
commercially by two local companies and will soon be marketed countryv/ide. 
The research reported here has reflected changing conditions and needs, 
and varying economic considerations. Tunnel grovring is a high-technology, 
high risk, intensive farming enterprise which must respond quic kly to changin~ 
circumstances. The author is fully aware that this will continue to be the 
case, and today's recommendations will inevitably soon be obsolete or in-
adequate. Although a measure of "responding to brush fires" has been in-
volved in his research, underlying principles have nevertheless been 
clearly established and will serve as a sound foundation for future work. 
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SUtltMARY 
Research into aspects of tomato and cucumber production under 
protection in Natal has shown that good crops can be obtained using 
soilless media and nutriculture methods. 
Tomato and cucumber seedlings were grown in polystyrene seedling 
trays with cone shaped cavities. A standard tray (675 x 343 mm) with 
72 cavities resulted in better seedling growth than 128 and 228 cavities 
per tray. Seedling growth was reduced in the smallest cavities, but was 
acceptable in the 128 trays considering cost of media and transport, 
provided the seedlings were not left too long in the trays. 
Seedlings grown in these trays in local peat adjusted to pH 6,3 
grew better than in local peat:vermiculite, or vermiculite only adjusted 
to the same pH. In comparing different comme rcially formulated media 
with local peat, better seedlings were obtained in Finnish and Canadian 
peat which was pH stabilised and pre-enri ched. Subsequently, pine bark 
milled through a 6 ~n screen and with added nutrients gave equ ally good 
results as the imported peats. 
Conmlercially available compl ete nutri ent solutions watered onto 
seedlings in these media were equally good provided that they were adjusted 
to contain equal levels of N, P and K. fIt label recommendati ons ® J\quapon 
was better than ® Chemicult and ® Speedling. Best results were obtained 
where a nutrient solution containing 184 ppm N, 27 ppm P and 130 ppm K 
was used at every watering. Applying the sc;ll1e total amount of nutrient, 
but only on alternate days with water only i n between, or applying solids 
once a week was not as good as the best treatment. 
For grm'ling tomatoes and cucumbers optimum temperature recommendations 
worldwide are 18-23/15-18 °c (day/night) and 21/19 °c respectively. In 
plastic tunnels in Natal temperatures ranging from 1 to 30 °C, .alld from 
18-40 °c were measured in winter and summe r respectively. 
Associated rooting medium temperatures in pots varied from a fil Hllmum 
of 6 °c to a maximwn of 15 DC in winter, rising to 24 °c on the '~I m 
northern side of the E-W orientuted tunnel. In summer these temfJ(; f' <l tures 
fl uctuated between 18 and 28 °c. Although recommended temperatu res for 
tomatoes are 23 °C plants still grew and yielded relatively well in spring, 
summer and autumn. Fruit set was a problem in winter. 
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Differences in the temperatures of different potting media' were also re-
corded. Peat:sand mixtures became the warmest during the day, but cooled to a 
greater extent than other media at night. Mixtures with good insulative pro-
perties e.g. vermiculite, were cooler in the day, but remained relatively 
warmer at night. 
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Irradiance levels measured in summer were typically 1 000 W m- 2 , reducing 
to 600 W m- 2 under plastic. At a bOO x 400 mm spacing in tomatoes 100 - 200 W 
m- 2 reached the lowest canopy levels compared with only bO W m- 2 at a spacing of 
JOO x 200 mm, In autumn/winter, outside irradiance levels were 700 W m- 2 , re-
ducing to 450 W m-~ under plastic, and to 300 W m- 2 under a 30 per cent. shade-
cloth inside the plastic. At these irr~diance levels cucumber plants grew taller 
and had a larger leaf area, but accumulated less total dry matter than unshaded 
plants. 
Cucumber fruit growth curves were typically signmid shaped and were affec-
ted by leaf area and temperature. Plants growing at 2~/17 °c produced larger 
fruit than those growing at 18/15 °c with the same leaf area. A leaf area of 
0,6475 m2 . resulted in larger fruit than 0,2625 m2 • 
Spacing trials with tomatoes showed that the yield was 0,5 kg lower per 
plant at 0,2 m between plants compared with 0,4 m. Although yield per square 
meter was higher at the close spacing, fruit size was smaller, and management and 
disease control were problematical. Thus an overall population of 2,7-3,1 plants 
m- 2 was considered optimum. In cucumbers a spacing of 0,5 m x 0,5 m was considere 
optimum in a double row system. 
An examination of volume of medium in individual black plastic bags indicate' 
that 10 l per plant was optimum for tomatoes and 13 l per plant for cucumbers. In 
Europe 13 l is used for both, although there is a trend to use a larger volume for 
cucumbers. 
A wide range of media were tested for tcmJtoes and cucumbers grown in con-
tainers. In early trials local peat:sand resulted in equally good yields as 
imported peat:sand, where such plants were watered with a total nutrient solution. 
Sand, perlite and vermiculite were not as good~ 
A comparison between the Guernsey pre-enrichemnt system and Jensen's Arizona 
nutriculture system with different media indicated that tomato yields were highest 
on average in pre-enriched local peat:sand mixtures. Mushroom compost:vermiculite 
also worked well, presumably due to the initially high nutrient status of the 
mushroom compost. In this particular experiment the Guernsey treatment had 
higher levels of N (217 ppm versus 137 ppm) and K (262 ppm versus 181 ppm) than 
the modified Jensen's solution used. 
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A further trial compared a Scottish pre-enrichment recommendation for bark 
with Jensen's solution and a commercial product. Tomato yields were, on average, 
equally good with 1D Chemicult and Jensen's solution, which were better than the 
Scottish pre-enrichment system. This lower yield in the pre-enrichment treat-
ment was a result of low yields in the media which had little CEC, resulting in 
all the pre-enrichment being leached out early on. Such media, however, were 
equally good where a total nutrient solution was applied. Of the media tested 
pine bark resulted in higher yields than local peat:sand, sawdust and perlite. 
Similar trials with cucumbers indicated that a Jensen's solution with ~60 
ppm N resulted in higher yields than a pre-enrichment treatment in which the 
nutrient solution contained only 180 ppm N. The pine bark medium in this trial 
was better than milo, mushroom compost, local peat;sand and previously used local 
peat;sand. 
As a result of this research most loc~l growers are changing to pine bark 
with pre -enrichment for tomatoes. No pre-enrichment and total nutrient solution 
feeding, based on Jensen's recommendations is recommended for cucumbers. 
Further research on pre-enrichment levels of Ca, Mg and P is being under-
taken in cucumbers as this system is cheaper and easier to use with local labour 
than total nutrient solution feeding. 
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APPENDIX FIGURE 2 Corre l ations. and reqression lines. between different nlant arowth characteristics in cucumber 1.0 ~ 
APPENDIX TABLE 1 Percentage nutrient content of commercially available 
nutrient mi xtures 
I Nutri ent mixture 
<ID Aquafert Element <ID Chemi cult I ® Speedl i ng ® Aquapon I 
Soln 1 Soln 2 Soln 1 Soln 2 
N 6,5 9,1 7,3 
I 
9,0 
P 2,7 2,6 2,0 2,17 
K 13,0 12,2 11 ,2 8,0 2,97 
I 
Ca 7,5 9,6 7,2 
I 
6,0 
Mg 2,5 I 2 ~ 6 1,9 
I 1,5 
I 
S 7,0 4,4 3,9 ° ,,144 
Fe 0,15 0,3 0,20 0,17 
r'·1n 0 ,024 0, 124 0,08 0,20 
B 0,024 0,10 0,08 0,065 
Cu 0,002 0,005 0,004 0,004 
Zn 0,005 0)027 0,018 0,001 
I 
Mo 0,001 ° slOO 0,004 0,004 
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APPENDIX TABLE 2 Data for Experiment 1, first · time of sampling 
(4 weeks from sowing)* 
:1. J. i (lib.;? 0:3.6 O?? 0.3 00.6 i . 1. (J.O;:~ 0.0 4 0.06 
':) 1. 1- 01.7.7 ( 4) • 3 OJ.6 0.3 00. S ;? . 3 o.no 0.04 o 1 ;:~ ~~ I •• 
3 i :t 019.4 (1 4 . ~J 03.5 0. 4 00.7 ') ' ,I (l,(l6 O.OB o . i 4 t .. . I 14. 
1. ;.~ t 01.9.6 03. 4 OJ.n o . ;'3 OD.7 ? .{I 0.04 O.OH O,J.~~ 
2 .. ;) i 016. ;? (13. 3 04.:1. 0.3 00.6 ?6 (I • O;? (J.(J6 o .:1.13 I .•. 
J ') I,. 1- 024.9 03. '/ O~;. 3 0.4 oO.n :3 . S 0 , I) ;.:~ O. U) 0.36 
i ;'~ :t (l3S.6 04.0 06.0 (1.4- 01.0 4 . ;?, (; . O;? 0.:1.0 () • ;.? 4 
') 
I •• :-3 1 03S.7 O ~) ,1) t)~) • 6 O.S Ot.1 3.!:l () . () ;,~ n.tO o . ;;~ b 
3 :-5 t (J ;~ ~J . 3 03. 4 O~; . :I. 0. 3' (I (J • B ::s , '/ (I • () ;~~ 0.10 o . ;? 4 
t 1- 'J 01.9.3 0'1.1. O?3 0.1) 00.8 o .9 o . t) ;?' O. tHi o . II Z~ I •• 
':> 1 ':> (l ;?7 . 2 00.0 03.0 0.6 Oi.? :1..1- (I . O;? 0.:1.0 0.06 I- I .. 
J 1 .,,) I • . O ~~6. 6 07.rl ();~~.B O.S OJ .• 0 j .• 1. () . [);~ () . . 1.,~ O.Db 






I ..• 0;:: '7.4 00. 3 () ~~ .7 0.6 01 . . 2 L'l 0 .06 0.1.4 O.j, ;:~ 
3 ' J ':) (1 3;5 . 1 (113. <; 04.0 0.6 o i .4 :1. , 'i (I .01:> 0.14 (I • 1 ;:~ ( ... f , • • 
t 3 ':) 0~; ·7. B 08. ;~ 06 . 2 '0 , rJ O;!. . 6 2 I :', 0.06 o , ;;~!~ 0.1.6 I .. . 
2 3 ':, () (;) ~':) . 5 to,1 (I '7 . :~ :t.3 (u.o ;:~ ,8 (J • UJ (J, 3 0 () .10 I .. 
3 J 'J OS?'! 09. 6 !l6.? l.t o ;~~ . 4 ;:.~ . J o . n 1. O. ?b O. :1.6 t.. 
t 1. :3 (I ;::~~) , 5 (I!3 • '/ (I;: . /I. (1,0 (J :l . ;:,~ :\. ,0 () .00 0.06 (J • (J 6 ,:> 1. 3 () ;~3 .6 (Hi , ~3 () ;:~ . .t () • I) 0:1..2 0. 9 () . 00 O.Of) D.nO t .. 
3 :I. ;.~ 0;2:1. . i (J U . i 01.B (J.O (l (J • <7 (I , <; () . 0 () 0.0 8 0.06 
1. 'J :3 o ~;:~ . 3 11.9 01.'7 0,0 o ;~~ . ~:; ::.~ I 1. o . () I) D. ? O 0.1.0 t. 
") 'J 3 (130. ;~ :\ 0 . (I (l:~ . 0 (I • (l (J1. 8 :I..H (f • (J 0 (J • ~. 6 0.10 I- I . , 
~~ 'J 3 OT/ ,6 11..0 () J . ~; 0.0 Ill.'7 j '7 D,no /) . i;.? 0.06 L .. . • , I 
i ~~ ;;; () ~J ;,:~ , 6 12.0 04.B 0.0 (J ;:~ • 3 ;~ . 3 (1,00 0, H3 o . :I.;~ ,:> ~) 3 04'7.4 U . . J 04.8 Ii , () () ~:~ . ~:~ ~? . 4 G.!)n D.t6 0.1)0 I • • 
3 3 :5 05<?9 :t.:5 • ;: (15 . S 0.(1 (J ;:~ • B ;:.6 (I , 0 (I (J f ; ,:' ;~  0.11 
:\. 1. II o ;.:~ 'I. .3 OS. 'l I) j . • 3 l) • 0 00.8 f\ l " t ) ,00 0 .0 6 o . t) t (J • ,:l \, 
2 :t Iq. 0:1.9.5 05.0 0:\..6 0.0 00.9 o . 'j {J.OO 0 . 01 (; • (I:t 
J i 1) O ;,~ 1. .9 06.4 f) t .3 O. I) 00.1 ti. 3 (J,OO D.08 O.();~~ 
:1. 'J 4 (1 3 ~~ . 0 (J6,'l o ;:~ , 7 (J , (J 0:1.. 3 :I. ' ) 0.00 0.0:1, 0.0:1. /.... ... , 
'J 'J 4 O;?? . 8 OS.I:> o ;:~ . 3 o . () () :!. • ;.~ 1..0 o . 00 II , 1)1. 0.01. t... I .. 
3 ':> 4 O:l<J.5 O~, . 2 Oi.9 0.0 O:t. • :I. (1,/ (I, (I (I (l • (l;~ 0.0:1. /.... 
,! ,~{ ~ O~jO , i 07 . S () ~~ . 6 () . 0 O;? , Il 1.0 o . () {} 0. 14 0.06 t... " () ;50 . ::3 (1'/ . ;~ (13. ? (1,0 () :l . ~ :I..? (l.OO O. Ul 0.06 ~., ~~ 4 OS4.4 O'l.'i 04,4 0.0 o ;;~ . ... 1.1' \) . 00 o . ;.~ O 0.00 
*Variates in column order are blocks, sizes (1 = 228 compartments/tray; 
2 = 128 compartments/tray; 3 = 78 compartments/tray), kinds (1 = 
cucumbers; 2 = tomatoes; 3 = cabbages; 4 = lettuce), leaf area (cm2), 
height (em), whole plant fresh mass (9), stem fresh mass (g), leaf 
fresh mass (g), root fresh mass (g), stem dry mass (g), 1 eaf dry mass 
(g), root dry mass (g) 
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APPENDIX TABLE 3 Analysis of Variance for Experiment 1, four weeks after so\'Iin9 
Source of OF M.S. 
Variation Leaf Height Fresh Mass 




Blocks 2 28 0,30 I 0,07 0,01 0,10 0,04 
Sizes 2 2181** 8,69** I 25,36** 0,10** 6,38** 4,70** 
Kinds 3 502** 73,54** I 6,97** 1,10** 5,76*" 2 ,07*'~ 
S.K 6 103 2,32 0,66 o ,07h I 0,22 0,36 
Error 22 31 0 ,41 0,29 0,01 I o ,1l I 0,08 
I 
I 































APPENDIX TABLE 4 Data for Experiment 1, second time of sampling 
(6 weeks from sowing)* 
i :I. :I. o 4~·?. 7 (l Y . 'I 04.7 1 . . (J (J:I.. S '.~ " (J.06 O. H3 (J • UJ I . .• 1 .1. 
':) j. j. 04'7.B t 1 . . 7 04.8 1. • ;? I) t . (:, 1.9 O.tl6 o . i.~ 0 O.tO 1... 
3 :t :t (1 S<J • 5 t (*) I ;:~ w:;.S i . . H 0:1..9 1.8 (J • 1. 'I O. ?6 (J • (J B 
i r.) L. 1. 071..4 i 1 . . 3 06.9 l . '7 G i:.: . 6 ;:.~ . /;) O.tO o .3;:' O. j. 4 
2 i~ 1- 062.8 1.(J . <.; 06.7 1..4 o ;:~ . 3 3.0 ().Of> O.?B (l • i;? 
~~ 'J fo • • l OS'/ .3 U) . (J n6.0 to ;~~ o ;~.~ . 1 2.B O. U) O.;;~(! (j • 1.4 
1 ;.~ :t ~. (I:l. . 9 i:~ . ;3 i 0 • '7 ;:~ • (1 O;L H ~:) • (j (J • j. " 0.4 6 (j • ~~ 4 
r.) 
L •• 3 1- tt6.7 Ei . 2 U. . 0 ~~ . .3 04.0 4.6 o . t ~~ O.SO O. Hi 
3 3 i 099 .4 L5. '7 t (I • 1. :I .. H u:~ . ~J 4.t-> O. L? 0. 4 0 0.20 
1. 1 . .) 044.4 1,4.4 04.5 j . • j. 01..6 i. .4 O. j, 'I O. I) ? O. j. ;? f •• 
':) :\ ':> 0 4 (/. S :\. ~:; I ;~ OS.3 1 . . I} o ;:~ . (I 1 . . 9 O.1.B O.?B O.it! L_ f •• 
J j. ',) t .. . 041:>.6 j. ~; . 4 () S . ;.~ LS 1.1 ~? . 0 j, • B () . i 6 o . i.~ 4 O.l6 
1. 'J ' .J (143.7 11. .8 o ~~ . 3 1 . . ? o :? . :I. j . . <J O.:l.B U . ;.:>6 (I. i2 L .• f • . 
2 r.) .) 063.2 t S . ~.; 06.7 j . • fi () ;.? • 6 ;~ I :~ O. Hl () . ~~ '1 O. jA L . f • • 
3 ':l I.. , ,} f .. o ~; t . I:; j,ff , 'l (j 6 . ;.~ 1.. ~:) (J ;:~ • 4 ',1 ' .) 1_. I ( .. (J • ~ 6 (J • ?(j 0.1 4 
i ~~ ' . ) ( ... 12j .. 4 j.4 . . ~ j.2 .9 ~I) • j, O~;) • :3 4 . i~ O.~6 o . 61-) () • ~~ t) 
r.) 
< .. :3 ';} f" :t ;~4. 4 2. i . 6 1J.4 3.1:> (J I~. 4 'I 'J • f_ (J • :~b () • t.' (J (}. ::.'.8 
3 3 ') t. .. t j.? S ?O.H L? . 6 J.J o ~;; . l 4.1. () .J6 0.60 o . 2.6 
j. :I. :, (1 ~') li . ;~ :I. ;:~ . ? (J ~j • ;!. () • (1 o;?. B ',J .4 o .00 O.::S4 (J .16 f_ 
'J 
f. 1- 3 067.H :I. ~i . '-"1 o ~.; . 0 o.n o ~1 . ~? i . d O. () I) O. ?D O. L? 
3 ~. :5 O/U. b :I. 4- . (J o:~ . :!. (J • (I 0:1..9 1. . l~~ 0.00 (J • H~ (I • U li 
i r.) L. 3 !ltd . . B L~.6 06 . 4 o . 0 03.S ;.:~ . t'1 O.LlO 0 ,.46 0.1.6 
2 ' J :, o (·d . " L-S. (I 06.6 0.0 (J :j . CJ ;':::.6 O.(}O U. 1I.6 (J. :1.8 L. 
~~ ') f .. 3 08;,~. ;? j.1. . 7 Ob.? I) . 0 0 :1 . b ;.? . ~) () . 00 o . <i 0 O. j. h 
i 3 :, :I.:!.:I..9 ::~ (I • H 1 (J. H U • (I ()'/ .2 :~ • (I o . (1 (I 0.64 o .2 :? ,:> 
I .. :3 3 1.0 t . 1- j,9, 0 1)<1. S [) . I) 06.3 ~L t n.oo O.S4 o . ;.:~ I) 
3 :-5 :~ :1..16.9 i (, . (i 1 () . ;.~ (J • (j 06,/' 3 .4 o . (J (l (J.b'! (I • ;?, ;:~ 
1. j. 4 OU1.S 1.'/ . :3 ()'/ • j. D. 0 O~, . t t.7 o . 00 0.30 o . 1. 0 
':) 1. 4 ()t;b .7 :I. :5 . '/ 015.:1. () • (I o ;~ . 9 j . . () O.OU O.?4 o . U6 .... 
:~ j. Ii ()·7::'~.1) 16.0 06.0 () • f) () 'I • 7 t . () o . 0 II 0.3(l O. I) t 
1 ') /1 (l9<1. ~~ :to.4 0 6 .:1. (J • () 04.0 j .9 !l • (j (I o . :~;: (I • ~ ;:~ t ... 
') ';) 'I OBA .6 () l~ . 6 O-:i.2 o.n In.s j . • 6 o . () () 0.30 0.1.4 L . f_ 
3 ' :J 'I :I. :I.;} . 6 (10.4 0'7.0 (j • 0 0 1 • • 5 ~.~ f 4 (J • (J 0 o . 4;~ (I. ?:? f .. 
j . 3 4 j . 71-,. (-, t4.t U . . ~~ () . (J 0 '/ . S ,3 • ~.; O.OD (J.SH o . ~:.~4 r.) :'; 'j i.);!.·l . :~ :t;:~ . 4 14.'1 (j • (I 10 . ~5 4 .0 0.00 (J • '14 0.::'8 L _ 
~~ 3 If ;.~4B. 4 j.4 . ;:. j.6 . () 0.0 1. i:.~ . 1, 3./ Il.OO () • tVI o . ;!. 6 
*Variates in column order are blocks, sizes (1 = 228 compartments/ 
tray; 2 = 128 compartments/tray; 3 = 78 compartments/tray), kinds 
(1 = cucumbers; 2 = tomatoes; 3 = cabbages; 4 = lettuce), leaf area 
(cm2), height (cm), whole plant fresh mass (g), stem fresh mass (g), 
leaf fresh mass (g), root fresh mass (g), stem dry mass (g), leaf 
dry mass (g)~ root dry mass (9) 
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APPENDIX TABLE 5 Analysis of Variance for Experiment 1, six weeks after sowing 
·Source of DF M.S. 
Variation Leaf Height Fresh Mas s 
area Whole ·Shoot Roots leaves Shoot 
plant x 10 3 
Blocks 2 246 2,96 0,20 0,05 0~004 0,26 0,14 
Sizes 2 25075** 69,04"'* ~57,96*~ 1,62** 16,31"'* 51,27** 136,4** 
i Kinds 3 6374 ** 27 35** 4,77* I 10,26** 1,13** 22 87** 1080 1* I , , I , 
S. K. 6 1476* 8,91* 3,45 0,79 0,49'" 3,08 8,5** 
I Error 22 239 3,96 0,99 0,04 0,10 0,62 0,3 
I 
• 






















APPENDIX TABLE 6 Data for Experiment 1, third time of sampling 












































1- 1. 069,0 ~L(tl~) (1'7,9 2,1l (j ;:! , ~i ;.~ I 7 0,20 o , :34 0,14 
j. 1. 066,7 j. '7 , ~~ 06,i t, U I) ;:~ • i 1 , \1' 0, 14 o , ;!.B 0, L~ 
i 1- j. i~;,3 ~~1.,'7 0(1,6 3 , f{. o;~, (, 3,3 0 I ~'!6 o , :~6 () .1. B 
'J 1. j. j.4 ,3 ? () . ·11 U . . 8 :-3 • :~ 0 ·<) ,4 3.0 0 , ~':>8 0 . ~1B O. :1. 8 ~ .. 
PJ 
1.- j . iU. .0 ;.:~ () .li i 0 • (I 3 , ;:~ o:~. 9 ::L~i (J I ~~ C) (J • ~:) 4 (/ .1 t3 
.~ 
I .. j. lO6,B lY. () U . . ;? ~~ , ,~ 0:,,9 3.6 o , ;~~8 () . ':i6 0.:1.6 
:3 j. :\.9<1 .3 ;:~H . B t7 . i.~ l.' ') •• ) • 1_. (J6,S ~:') . :~ 0 ,4? (J , rJ () (J I 3 ;.? 
:3 j. 1.1.'7 ,6 ;'~ (j , t l6,8 S. 
, .. 
I) ~:i. 8 5.6 0.46 0,'71) o , :.~ 0 :'1 
3 J. :t'72.6 ;:' '7 , 0 16. ;= 4, .? (J ~~ , S ~) . '7 (J .40 O.'i'O (J,2B 
1 ' :) L .. 064.9 22.0 o l3 ,;:~ 'J , ... t .• . ... 1 fI :3 ,'! 'J 'J t.:. • • t o. . 0,36 o , 4 ;~ o , ;'.~ tl 
1 'j 1- 01'0 S , . ;3.:5 . '/ 08,/ i~ . '7 (1:5. S ;:! . 4 0 . 34 o . -4? (],24 
i 'J ,_. 0 '/3 ,2 Z!.;!..9 OU.4 ~~ . 6 OJ.S ? I ." • 1. 0, :S6 O. ·40 O. H} 
r, ) 
L •• '.> L_ Otl2 ,2 ;:~ i .'1 t1.0 ·z ' J J, ( .. 04,0 3,0 o , 4~? (J.SE! (;,20 ... ,) 
1-
' J , .. 069,0 ~:~ t) ,'I to,O ;'.~ . 9 04 , () :3. 0 0 ,36 0.46 0,30 
,.,) 
( .. ~.! 09 2 ,5 ;:~4 ,s 13.f.l 4,1 O~;, 3 4-,1 0 .S4 (J • (-, ;:~ (J,34 
3 ',) I • • j. ,?f],6 3.L),(, ;':~3, t 'I , ;;.~ i\). 0 S,'! 0 .9ft 1. , j. H () . l.:i6 
:3 './ 16 7 ,:~ 36 .0 f-)~, 6 'I . :, (j '? , :; '1', B (J ,98 1 , i (j (J . l1 l1 ,',-
3 ;.:! i :56 ,3 3S.0 23 ,5 7 t ;.:~ OU.O '7. fi :I. . ();~ .1. , DO O. H;.~ 
1 :~ (1'/ (J ,4 t'l.S o ~:i , 6 (J,(l ():-.; , 6 ;',J I n (I ,00 o , 4 ; '.~ 0.44 
1 
... 
08 S ,'1 Hl , 'J 0/,4 I), 0 Ot+.'7 ? ,,! 0 00 () , ~,H 0, :1 () ... ", . 




..> 090,1 j.·4 . 2 l(),2 0.1) OS,6 4.:-> 1),00 o . '/4 0, S6 
~J :~ OtiB .S ill,? 08.6 (J,(l (J ~i , :-5 3.? (J .00 0,6? O.3(J I ... 
? 3 tOO \.- U . . ') OB , 2 0, 0 O~; , ~~ 2,8 0, Ill) 1).6'1 o , :~ ~~ 1- . , . ) 
3 ~~ i 9'i , 5 ~:~? . (1 2;:~ , i 0.0 1.:5. ~) B , ~:.) (J ,00 i .DB j . . ~~ B 
3 3 j . 97 .6 2 ;:~ . n i 'j>, 6 (J,n 1. ~~ , ~5 7, ;.~ O. 00 1 , / 0 0, '/4 
3 :~ 204 . S ;:.~ :I. ,0 ?3, (I (J , (J i :'5 ,3 9.7 0 ,O{) :I. .9B i ,SO 
j, 4 HJ~-i, 7 t4.S E~ ,2 (J.n 09.5 2.5 I) • on o , ~:i6 o . ;.~ () 
1 'j ?:l.4,i 1.6.0 1:3.6 (J,(J 10.4 ~.:> • SI (J .00 (J • 'II~ (I • ;.?-1 
l 4 l'l6.0 1/;, ? j.3 , S i),/) O<l , '1 3 , 6 o , 0 I) () ~ .. l o . ;:2·4 , ,J .... ) 
') ~1 1 '7 ~:~ , (J 1.:5.;? 12, ~.i 0.0 0(:). B :~ . ;.~ u .00 0.60 0.34 I •. 
'J 4 j. (l6 , S3 U. ,8 1.~;, ? 0, 0 09,f3 ~i. 0 0 00 0 , I'D O,/}B < .. , 
"J 4 ?;~ 9 , ~.; L~ , ~; :1.6.6 (J,O ~L j . , 6 'I , :~ (J,OO 0, (i? 0 .36 L.. 
3 4 503,j, j.8,5 3B .'1 O. I) :H , () 7, 0 [),O!) 1.H6 o , '70 
:'5 4 4'11- .5 1.6 . 6 3~~ , 7 0 .0 ? ·/.9 '7 , ~; (J ,00 ~l , 'i' 0 0,'70 
3 4 S.3 1. ? 1'/,5 36,0 1),1) ~~f:) , 0 7,4 0, 00 i,Sf) o ,6;? ' t-. 
*Variates in column order are blocks, sizes (1 = 228 compartments/ 
tray); 2 = 128 compartments/tray; 3 = 78 compartments/tray), kinds 
(1 = cucumbers; 2 = tomatoes; 3 = cabbages; 4 = lettuce), leaf 
area (cm2), height (cm), whole plant fresh mass (g), stem fresh 
mass (g), leaf fresh mass (g), root fresh mass (g), stem dry 
mass (g), leaf dry mass (g), root dry mass (g) 
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APPENDIX TABLE 7 Analysis of variance for Experiment 1, eight weeks after sowing 
-
Source of DF ~1. s. 
Variation Leaf Height I Fresh ~la ss 
area I Whole Shoot Roots Leaves 
plant 
Blocks 2 532 0,07 1,7 0,1 0,8 0,4 
Sizes 2 82213** 247,1 h 849,3** 10 ,9** 68,5** 311 ,7** 
Kinds 3 I 75462** 241,9*'" 177,3** I 49,6** 1,5 263,2** 
S.K 6 12369** 17,6** 41,6** 4,3"'* 1,8 52,4** 
Error 22 424 '1,7 1,7 0,1 0,5 0,7 
I 
. J 1 

































APPENDIXTABLE 8 Data for Experiment 2* 
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o I ~:;? ' .. ; 
(I • 1.( .. (J 
() ,Hi '1 
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o . 1. ~. 6 
o , :'d It 
o .31) 6 
(I :J (I f.I 
o ,;:~/ ) 6 
(I ;,1 (J 4 
0,23 ') 
(I ~' i ;~, ,1 
(\ ,S.1. ',i 
(I I :.~ '/ {) 
o . Hl') 
(I .?~ ? 
o 1. ;:" .; 
(l , 1. <i':~ o ,l ',t"; 
().~;?'7 
(). Ei 0 
o :1. (14 
() .1. 0 U 
(j ~ (I~! 
() 0 <ll ~i 
o ~ :~D o .23\) 
G • ~. L;n 
o . () 'In o ~ :~(! 
o . 1. 0 Il 
() . ~ ~ 0 
o . i 4 I) 
(l • ~ ~. :.~ 
o i L~ 
(l • :1 t1 <; 
().09 ;:.~ 
() • ~ (14 
o it1'1 
fI :\. t,16 
o , l. 'I. II 
(J (I'll.! 
() , 1 0 ~ , i 
(l ~:n 
f.J ,31. \) 
(l • ~ ~ A 
D • t I.t I) 
(l ~ -4, 
() j, 0 I) 
o j ;'> '/ 
(),ji.~; 
(I 'I ",9 (l. t (I n 
o '. 1, (.) ,,> [). 1 () !l 
(J ,;" :~'I n :1. :~:.~ 
(l • j (I (I o j, t l. /j 
o ~ \:; (1 
o , 5, ~; I) 
0.1(1(1 
() 1 () I) 
(l , :1 1 (I 
o 11.6 
(1 • , . ~ .; I} 
iJ.094 
o . j ;"H 
o i I~ :1, 
O.(JH(l 
() . i /H) 
(l ~ :1 I:) 
o 06 :j, 
(l • ? ;.~ l () :1 :1 (, 
r) • 2? I) 0 1 ~:'.; I) 
(I • ~ <j' :1 (). J ~ :.; I} 
~Variates in column order are blocks, kinds (1 = cucumbers, 2 = tomatoes), 
media (1 = peat: vermiculite; 2 = vermiculite; 3 = local peat), pH (1 = 5,5 
2 = 6,5; 3 = 7,5), total plant fresh mass (g), top fresh mass (9), root 
fresh mass (9), top dry mass (g), root dry mass (9) 
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APPENDIX TABLE 9 Analysis of Variance for Experiment 2 
M.S. 
Source of DF Fresh Hass Dry r~ass 
Variation vJho 1 e Shoot Root Shoot Root 
piant x 10- 1 x 10- 2 X 10- 3 
. 
Blocks 2 0,6 0,4 0,1 0,4 0,03 
Kinds 1 80,8"* 23,7** 95,7*'" 39,1** 3 ,6* 
Media 2 5,8"* 6,6** 1,5** 6,3** 5,6* 
pH 2 7,1** 2 ,8** 1 ,4** 4,0** 8,4** 
Ki nds. Med 2 0,9 2,4** 0,1 4,3** 3,1* 
Kinds. pH 2 0,8 0,6 0,3 0,6 0,4 . 
Med. pH 4 0,3 0,6 2,3** 0,5 I 2,5 
Ki nds. Med. pH 4 0,3 0,1 1,0** 0,1 1,9 
Error 34 1,1 0,1 0,3 0,2 0,7 
CV % 28,1 14,9 16,2 16,2 21,9 
APPENDIX TABLE 10 Data for Experiment 3* 
1 t 1. i 0 . 0 '1 . 4 4· . 4? ? (; I! (I , 4 ;:~ (l. ; . .' ~~ 
:1. 1. ;?, :l ? . H !J , :. :~ 4 <) A 3. ;:~ 6 O. ~;i I) 0 0 ? 6 
i , ~ ~4.2 H o7 S 10 3 . 42 O,SS 0.2 7 
4 09 . 8 5,5 j :~7 t , Y? O.~j 0.t7 i· J. t-:; ~ 1. ,S ./, 6 fl· 0 '7 (l ;.:.~ , f(1 \ I • 1lf (0)' ;,..; '~ 
t i 6 1. I) ,h 6, <) ll . ll6 ? , 1} 4 O~I' . . . . ~ 
:1. ' :J ~. i ') 0 :'i. ~.; ;:.>. '1. (I t, (i"/ (I ;.J 4 (J (19 
1. ;.~ ;.:~ i:"3. \:.; 'I . /:, : S () '7 :i. . L"; to: :.1 ~:'; (). 1. ;~~ 
t ? :'.<, ~:~ . r) It.~ ;:' . ·/~) :I..;:'() (1,;:"/ \1,1(1 
124 14 , 6 3 , 8 2.46 i,J~ 0 ~h 0.11 
1. ? ~., ~ ~ :) ,3 4 . H ::'i Hl 1. . ~ :.: () (1, ;:.) 'j (I ~. 4· 
1. 2 A 13 1. ~ . 9 2 ,'72 1.19 O, 2S 0. 1.1 
j . ~5 ~. :1 ::~ • (1 !l . :~ :5. ~ ~ ~ . t 6 (I ,: ~ 0 (I ~ ':.:: 
i 3 2 12 . 7 4.6 3 . J'7 i 2/ O, ~Y 0 , 14 
i ~ 3 :1 t ,'/ :''' . L: ?, ~.; l~ 1.. 1 (,"J (/ , ;:~ <;> (l , ~ ~') 
:1. 3 4 11 8 J .Y 2.Y~ i.O? 0 J1. 0 18 
j. ::.; ~') ~? 4 :~, 'J ? , 'I (l ~ , (I ;:) (1 . ;., ~:; (I , ~ . 'l 
~. ,3 b j,1.,O .3.U ?,)b 0.'-10 0 , :11) O . lt, 
2 'I. ~. (I 6 ,? :~, (~ ;'.', /I (l ~ ~ H (f :5 ? (I, ~ (I 
2 :1. 2 07 , 3 4,2 2 S4 t 70 O,JIl O.tO 
;.? ~ 3 (It-! ? \':'; q ;:) .()H ?,(! : ~ (I, ~~ h (i.~'/ 
? 1. 4 OJ , ? ~,~ ~ , Jn 1. 83 O, ~ l 0 1~ 
? :1. ~' ) (\6 , ? ? , (I :1,!:1:1 i (I () (I ~ {oj (I, ~ (I 
2 1. 6 07 . S 3.2 2.01 i,18 0 2 3 0,08 
2 ? :l (14 6 :1 (I (I, ~ ' ) '! (l. 4 H (I. (16 0 (l/~ 
;'.~ ? ;,) 0 ~ ,J 1., 1 () , (, 6 0 \': 0 0 tJ I' 0, 0 <') 
;:.~ ;:> ?, li'::; , n ~ . l~ () , h :1 (). (.., () (1 .~. :1. (I. (j () 
;~: ? .If [) \;; • I) i. , '/ f) ') 6 O. '/ :1, 0 1. I) 0 {) <') 
:.:~ ,~ ~') (I (, , :1 1 I) (J H 4 (l. \:; : ~ (I , (l H (l, (I : ~ 
? ? 6 WI. ~ :; t. c; f), <) '? {). ;:; 4 () , :1. f) () 0 A 
:.? :~ 1 ()'/, 6 :1 , H ~. , : ~ :~ (t. ~'" () (I . j t, (!, (I f, 
? J ;,~ I) '/ . ~) ? , ? :'\., t)":; {), I' ~:l 0 :l. n o. (} H 
2 ;'5 :'. (l n , '/ ? :,~ 1. A~. [I , 'j ~. (\. ;:' (I (I 0 (I 
? :.~ t') f) 'i . .3 ;:~ , /:) 1., n 3 () 'I .~ r), ;,:~ 1. 0, I) IJ 
;:? :~ c., (I <) i. ? ~ ~ . ~:i U (l, ~ ':d (l, t (, (I, (1'/ 
? 3 (, 1 (I • ~:i 1. <t 1.~; (I (I. ~'(J (I. 'I. 4 (l (16 
, S 1. t D '? ,() 4 . f) ; :~. '/? )" H? 0, ;:.~ 'I 0, i. '/ 
3 ?~. ? 0 ~ .. ;, 1.", : ~ , (I ?i ?, {I H (l :5 : ~ (J :1 :.~ 
:.1 1. ;1 I),l). hi) ,/l .I, t ~:.~ 1.. '/!~ 0 .. ~ (I 0 1. ;:.~ 
3 :\. ,1 (I <l n I!, (I : .~ , :.~ H 1 , IJ H (I ;:' 6 (I, t ~ 
:.~ 1. ':; f) n ,6 1"."; , i ? , '7..1 ? , ;:! Il () ;.,> . ~ 0 1. I) 
:3 ~. 6 (I <,J (.-, 1.";, ':~ :~; ( , (, :1 . '/ :1 (I ; . ~(, (I. (I () 
J 2 t /)'/,12.2 1,,28 0,92 0 ~~ I) 08 
3 ;.~ ? (16 </ ;'.) . ? t, :~? () , H~:; (I til (I (1'/ 
; ~ ;:? ;':J Of.) , Il ? , it? .. '). () H ··I) 0 ~. ':; 0 fl'::; 
3 ;,~ I] (I ( ) '/ ? , (l 1 t <;I (l, 'I '/ (I t ;.) (I, (16 
~.~ ;:> ':; f) (-; ,,) ;?, .1 ~. .~~ "; t} . 1/ -4 0 j, ,:; () 0 /:) 
:'3 ;;~ f) (I 6 '! ; . ~ I (t :'j j , (/ (I . ~.~ 6 (I I :t ~") (l (J 6 
3 .1 1. 1. 0 ,J.) ,1.? ;:i. :3 H 0, '/? I) :S I) (), 1. f) 
~~ :.:~ ? (\ (j' ':' ; , ~, (/ ?, ; , ~ 9 (I, ( , CI (I ;., (; () (1<,,> 
~1 3 j t ;.: ~ . 1. , ~ . (:) ?, ~.; 4 :1. I) I) 0 , :.:) / () 1. ;~ 
3 :~ I~ ~ ;:) , :3 ,t,. I!, ;:." l) I.; 0, H (l (I ~:, '/ (I. t t 
3 3 S 11 , 4 J .2 2 . 36 0 82 b'~~ 0 ny 
3 ~ 6 '1.~ ~,4 2,41 O. Y2 0 , 25 0. 14 
*Variates in column order are media (1 = ® Finnpeat; 2 = local peat; 
3 = Newcastle peat; 4 = Amberglo medium; 5 = ® Roode-Lyon medium; 
6 = Biggs' medium), kinds (1 = cucumbers; 2 = tomatoes; 3 = cabbages), 
blocks, height (em), total plant mass (g), tops fresh mass (g), 
foot fr esh mass (g), top dry mass (g), root dry mass (g) 
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APPENDIX TABLE 11 Analysis of Variance for Experiment 3 
M.S. 
Source of OF Height Fresh Mass Dry Mass 
Variation I Whole Shoot Root Shoot Root 
I 
plant x 10- 1 x 10- 2 X 10- 3 
Blocks 5 0,6 0,6 0,2 0,2 0,3 0,2 
t·tedi a 5 72,0 '1: * 17,7*'* 8,6** 1,7** 5,4** 1,6** 
Kinds 2 44,0** 80,2** 27,0** 15,1** 20,9** 4r:** ,;) 
t~ed. Ki nds 10 6,9** 0,9** 0,3 0,2** 0,5 0,1 
Error 83 1,1 0,2 0,1 0,06 0,2 0,1 
-- f- . 
CV ~; 12,0 14,8 15,7 21,8 19,2 33,2 
APPENDIX TABLE 12 Data for Experiment 4* 
iii 1 8.05 
i 1 1;~ 5.18 
1 i 1 3 B. Z~8 
11j.47.19 
i j 2 1 3.04 
i f 2~? 4.3~·5 
1. 1. ~:~ ~~ 3.B6 
11.?4 :L1~; 
1. 1 3 1. 4.65 
1 1 3~?' ~? . El8 
i i 3 3 4 .66 
11. :5 4 4.14 
1. j. 4 j. i j. • 6 7 
1 j. 4 ~~ fY.OO 
1 1 4 3 L~.30 
j. 1 4 4 1. 0 .54 
1. i S i 11. 97 
i i S~!. n.oo 
1. 1 S 3 i2 .04 
1 1. ~) 4 D .135 
i 2 1 t (;>.4;' 
1. 2 1. 2 £:> • 51;' 
j , ~:~ 1 ~5 j () • ;.:.~9 
i ~? 1 4 B.BO 
i ;.:~ ~? i '7.15 
i 2;~ ~:? 6.47 
1. 2 i? 3 D .34 
1. 2 ;':~.1'1 S . 32 
i 2 3 l 7.32 
i 2 3~?' 6. S9 
i 233 7.15 
i ;.? 3 4 6.96 
1 2 4 1. 13 . 54 
124;~ ii?,I3 I? 
i 2 4 3 19.El~j 
1 2 4 4 12,97 
12 S :1. 16 .~59 
125 ;.? j.7.10 
1 2~; ~5 H1.1'7 
j, 254 12.'73 
1. 3 j. 1 '7.60 
1. 3 i 2 '1.02 
1. :3 i 3 0.46 
1. 3 j. 4 ~-; .O() 
1. 3 ~? t 6.44 
i 3 i?~? 4 . 39 
i 323 6.10 
i 3 ~? 4 4 . 60 
i~~3i 4,3 0 
i 3 3 2 4.0;.? 
j. 3 3 3 7.90 
1 3 ~5 4 ~i . 91] 
134;!. 10,j. '7 
134 1,-:' ~).'79 
i 3 4 ~1 <J.40 
1. 3 4 4 B. 4'7 
1.3~J1 B.OB 
i ~~~)~? 6.:'59 
j. 3 ~) 3 6 . s;~ 
1 3 S 4 '7.67 
4.25 3.00 
3. :~6 i. 82 
~'; .9~?' 2.36 
4.B9 2.30 
2 . ~~O 0,84 
~:.~ I ;'7 1, ~)(:> 
2.32 i. ~J4 
;,:!. .OO 1.15 
~:.~ .60 ;.?,.O ~i 
L980.S)O 
3 , 56 i. j.O 
~.? ,~';2 i. 6Z~ 
7.02 4.65 
4.78 4.22 
B.8;.? 3 .4 8 
~'; .S 2 5 .0 2 




6.20 3 . 27 
4.402.15 
7 . 79 ?SO 
4.6(? :L31 
4 . 4;~ ~?. 73 
4.89 1.58 
~; . ·7tl 2.;i6 
3 . 45 i.!:!7 
4.49 2.03 
4.85 1.74 
5 .0 52.iO 
4'7.02 2 . 60 
10.43 3 .11 
9.30 ~5 .S6 
It.? !J '7.B'1 
0.62 4.:3~·:> 
11 .S64.B3 
n . 57 B. ~):.~ 




~':; . 3 B 3 . 0 13 
;.~ . 37 2 . 6:3 
3 . 1J~~ ~~,b2 
~~.64 :1 . • 75 
-4. i b j . • (1 4 
;:.~ . Z~ 4 2 . 36 
' :) ,:> 0 2. j, 0 
;:?: SO 1 . • ~:)2 
~;.42 2.4B 
::~.30 2.613 ( .. os 4 'J") 
3:69 ;:::(i'l 
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4.44 4.03 
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3 . 3;~~ ~-S. 0 '7 
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*Variates in column order are blocks, kinds (1 = tomatoes; 2 = 
cucumbers; 3 = cabbage), medi a (1 = ® Roode-Lyon; 2 = 1 oca 1 pea t; 
~ = bark; 4 = ca~dian peat; 5 = ~ Finn peat), fertilisers (1 = 
Aquapon; 2 = Chem'icu1t; 3 = '® Chemicult Plus·; 4 = ® Speedling), 
total plant mass (g), top mass (g), root mass (g), root/shoot ratio, 
length (em), germination percentage 
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APPENDIX TABLE 12 Continued 
'=> ':> 4 1 12,93 9,74 3,1.9 0 ,33 ?4El 100 .... 1.. • 
2 ' :> 4 'J 16, S'5 10 ,03 6 . ~:;~: 0 6 c- ;.:2 61 37 t ... 1... • . j 
2 2 4 3 19.43 1 i , ;.~3 tI, ;~ 0 0,73 ;?66 37 
2 'J (.- 4 4 j.O .69 6,65 4,0 4 0 ,6t H)1 2S ,:> I:) 
t- I •• 
IN. 






.) ' :> t . 13.7(t 'i' ,04 £:> • '7~:) 0 .96 j.9S 100 
'=> 2 {" 3 18,'73 li,68 7. 05 0,61 2r~J 4 100 ,. ;:) 
2 r) 1... ~; 4 1.:.:~.j.2 6,04 6, on 1 ,01 j. b8 88 
r) 
'- 3 i 1 5,78 3 ,44 2,34 0 .60 7B 88 
rJ 3 1. r) 5,313 ;.:~ . 84 Z~ , ~':'i4 0 ,90 \ _. l 138 .... t • .:>1 
rJ 3 t ., fJ. 00 ~:i . 9 G ;.? . 9 0 () . 50 92 75 .... w 
,:> 
L .. 3 l 4 S.84 :5,26 2 I ::>8 () .80 ~11 38 
'=> 
1- 3 ') ( .. 1 7.44 4.'/0 :':">.74 0.59 U8 j 00 
'=> :3 ':> ') ~; . 4'7 2 ,97 2 . ~; () 0 Be DO 50 t. t .. t _ • .:> ':> .... ~~ ':J ... :5 5.54 3.69 1.85 o . 5j. lB 100 
2 :-5 ':> 4 4 . T5 2.40 1 . 9~J 0 · 8~?' ~i2 63 t .•• 
2 :~ 3 1. 4,B2 ~? I 52 2.;-50 0 Q':> .,,- 66 50 
':> .... :5 ?> ':) 1.. • 4.0;?' 2 . 40 1.62 0 .68 '72 j.3 
rJ 
t... :5 3 ~5 6.49 4.50 j . • If(? () .45 :3'7 i3 
2 :~ 3 4 7, (93 4 . 55 3 . 38 0.75 S5 13 
2 3 4 l 6.22 3.74 2.4 0 0,67 BO 1.00 
2 3 4 ':> 6 .9;;2 4.38 ;;~ . S4 0 .58 '7'7 75 .-
2 3 4 3 to.~·:·;O 7.66 ?::l4 () .3'7 ~ • ' J ... 1 t. 75 
') 3 4 4 8,72 4.35 4.37 j, .01 01 63 (... 
'J 3 c: 1 6.00 "5.13 '7 ~~ . 9 3 0 ,76 '71 tOO .... ..I 
2 3 c- ') 6.09 3 .79 3 . 1. () 0 · 8;~~ 62 '75 ::> .-rJ 3 c· 3 7,47 ~; . Z~7 2 . :.?O 0 4r) UB lOO '- .1 
• t.-') 3 c 4 ~) .()(t 3. 1. ~~ i , (/7 0 .64 51 63 t _ .:) 
':> 1 1 i 8.64 6 . 27 2 . 3'7 () .313 24'7 a '-
') i j. ') 6.4:.? 4.37 2 . () S 0 .47 j.3D 0 L. t. 
') j . j. 3 10,~~t1 7.73 ') C'r- tI . 33 ~? 03 0 '- L •• , .:) ~) 
' :1 i j. 4 6. ::>'/ 4 . ?7 2 . ~5 0 () .54 113 5 0 ... 
') 1 ' ;1 1. :.::~ . 9 0 2,07 0 8"T () ,4 0 1 ~':)9 0 (- t .• , . ,) 
'J 1 .. :) 2 3.93 ;?.63 i , ~?r; () .47 167 0 t- L. 
'J l ':> 3 3.06 ;.~ . 06 1.,00 0.49 1 ;~o 0 (- t •.. 
':> 1 ' :) 4 2.74 1.02 o . (y ;':~ 0,51 1.40 0 t .. ,-
'J 1 :5 1 '/.26 4 . 6;.:.~ ~:.~ .64 !J • SU 176 0 t . ') j. :5 ' J 3. 9~?' ;.:~ . 3'7 i . ~;S 0 .66 142 () i- t... 
':> t .. 1 3 3 ~.; . 38 3 . 9fJ 1 . 40 0 . 35 1St 0 
':> 1 3 4 4.1.9 :.?.70 i .4(1 0 . 56 149 0 I-,:> 1 4 l 1 ~~ .7S /',35 5.40 0 I /'4 257 ~?'5 .... 
r ) 1 4 'J 9,35 ~),li.~ 4.4t 0 .86 1713 0 t- .... 
'J j. 4 3 11 .35 [l. 18 3.17 0 .3(; 217 0 L. 
"J 1 4 4 10 "7 ') ~:;. 4'7 S r)(" 0 .96 t 77 0 l- I , I. ... .. I L_ ... ) 
rJ j, S 1 12.29 7.'70 4. ~:';9 () .60 236 0 ,-'J 1 ( .. 'J 0 .1 3 4.71 3. 4;~ 0,72 1.69 0 t. ::> .... 
2 j . 5 3 14. j. ;? 9.87 4 r)I"' 0 .43 ;:~'7S j.3 . ,--, 
2 1 5 4 7.30 4.14 3.16 0 .77 HJ4 0 r) 'J 1 1. E).54 ~;. 94 2.60 0 , 44 ?O8 138 L •• L •• 
2 'J 1 2 B.09 S.90 2. t9 0 .313 163 1.3 '-
2 ':> 1 3 9. ;?S 6.98 2. Z~'7 () .33 c~05 t ~5 L •• ") ';) t 4 6.El9 4.1.2 ~~. '77 () .6El 1. ;.~9 ' :) r" L- L •• L •• ::> 
'J 'J 'J t 7.10 4.64 ~~. 46 0.53 1134 tOO 1... I •. L •• ") 2 2 "j 6 . 0 '7 4 . ~;O 1. 57 0.35 18'7 so t... L •• rJ 'J 'J 3 7 .73 5. 4Z~ ~.~ .31- 0 .43 1134 63 L- '- I •. • ") 2 ") 4 4. ;.?9 r.) t -':) 1.'77 0.71 106 :1.3 t... t... '- • .. 1L. rJ '=> 3 1- 7.28 4.70 2.50 0 . 53 163 1'5 '- L-'J rJ :5 'J S.7;3 4. i~? 1.61 0 .39 i '77 0 '- L- t. 
2 ") 3 3 7.65 ~:; . Z~8 2. :~5 0.45 187 rJC t- t .. oJ ") rj 3 4 5,97 3,91 Z~. 06 0.53 105 2S .... '" 
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APPENDIX TABLE 12 Continued 
3 i 1 i 9.02 6.1Z:? ?90 0 ,4!J ~?42 13 
3 i l rj 8.413 S.9i 
':) , ... I 0.43 165 0 L- t."', :; d 
3 1 i 3 10.6!3 8.03 2.65 0.33 206 0 
3 i i 4 7 . ~~ (J 4.57 2.63 (J.5H Hl3 0 
3 l 'J 1 3 . 4~; 2.57 D.DE! 0.35 1'77 13 ,_. 
2.95 1.62 0.55 :1.75 0 3 i 'J 'J 4.5'7 L- ,-
3 i rJ 3 3.64 'J ':)') i.4;':: 0.64 j . 4;~ 0 , .. L- t '- I:"" 
3 i 2 4 3. ~~7 ') rJ 'J L. • 1... L.. t . j.5 o . S~~ 147 0 
3 i ~~ 1 5.99 3.82 2. i 7 0.57 :t8B 0 
3 j. 3 rj L- 4.70 3.55 1..1S 0.33 " '71 .1. I ' " 0 
3 ~. :3 3 5.913 4.16 i . D~~ 0.44 j.'70 0 
3 :I. 3 4 3. 6;~ ;.~ . 34 j . • ~?a 0. 55 tSO () 
3 i 4 1 13. '7(l 7.75 6.04 0,78 ~~42 0 
3 1 4 'J <.7,3'5 ~). 78 3 , ~i '7 0.62 1.93 () <-. 
3 j. 4 3 i1.45 7.97 3,4B 0,44 21.0 0 
3 j. 4 4 11.02 5.78 5. i~4 O.9t HI4 0 
3 1. 5 1 (1.6 ? 5.95 3.6'7 0.62 ;.~34 0 
:3 l c ' 'J j. 1.03 6.47 4 . 56 0.71 i Cj'2 0 -"> '-
3 i c· ::> 3 14.07 f;.8B 4. '19 0.51 ') "71:": ,_ I => 0 
3 1 5 4 7. ;:20 3.82 3.3U 0.89 t20 0 
3 rJ ,_. i i 9.40 ~~. 85 "1 1":"1": \J I _ ).J (l.6i ;.:.~ i:3 tOO 
3 rJ j. 'J B.43 5.25 3 . t5 0.61- ~, 6 t 2~5 '- ,-
3 2 :l. 3 rJ ' "JI'" I • '-::> 6.98 2 I ~?t7 0.33 2~ () ~, 38 
3 ':> ,- j. 4 6. 5~~ 3.09 2.63 0.68 125 38 
3 ') 'J 1 6.97 5 . i 0 1.U/ 0.37 1 <, 4 138 '- '-
3 2 2 'J 6.03 4.49 j. , ~i4 0.35 166 13 ,-
3 rJ 'J 3 7.53 5 .3'1 ;.? . 5. 6 () , 4 i t <16 13 ,- , .. :3 ' J rJ 4 2.62 1. 82 (J.UO 0 .44 U3 0 <-, ,-
3 ') 3 i 6.B4 4.77 ? . () '7 0.44 1139 7S t ..• 
3 r,) ' y ':} 5.49 4.i7 i.32 o . 3;;! 1. 61 0 c, ,) L., 
3 ,:> 3 -l 6.513 4.53 ;.:~ . U~; 0.46 j,7 '1 () 1_. ,J :3 ';) :-5 -1 5.44 4 .70 0.'74 0.16 l50 0 1_. 
3 ';) 4 1- 14.~?'7 9.69 4 , ~:;E1 0.4D 248 100 ,-, 
3 ':> 4 ';) 1;.:!. no 1.0.4 <1 ~7~ . :~ j, 0.22 ;,:229 37 L_ '-
3 'J 4 3 20 .~? 0 it.52 ll. Ml 0.76 ;~~ 6 ~3 1313 '-
3 'J 4 4 1.2.3<1 B . 00 4.39 O.SS j, (n 25 1.-
3 ' J ~; 1 i'7.4~:; 1:1.07 6.3B 0.50 ;.? 4~5 08 '-3 ':) r" rJ 14.74 '1 .130 6.94 0.09 ~? i <1 iOO 1.- ,) ,-
1 ') ~J 3 1. '7 ';) '~ iO.~4 6,U9 ~.6Z 1 ~~~ j,Q~ '-{.~ 5 4 '") t 1:,.- ~l 6 . I.? 7 6.06 .7'7 i,:...3 , 7 _) 
3 ~5 1- j , 7 . ~?<l 4. j,4 3. E1 0.76 '7'7 138 3 3 1 ';) 3.49 l.B4 1.65 0.90 48 B8 '-
3 3 1. 3 6.B7 4.09 ~? , '7 U 0.613 67 U8 3 3 i 4 S • ;? 0 2 .134 2. 36 0.83 45 j . 3 
3 3 rJ 1. 5. OS 2.97 2.0B 0.70 76 75 '-
~5 :'5 ';) rJ 6 ')C :3 I 27 2. </u 0.92 B? 138 /... <- • L....J 
3 3 'J 3 3.~?' 0 ;~~ .43 o . '7'7 0.32 '713 7~:; ,_. 
3 3 2 4 4.68 2.4'7 2.21- 0.90 ~;9 2S 
3 ~~ -~ l 3.31 ~? • 17 1 • 1'~ 0.:21 'rJ j,OO . - . -3 3 '3 ':l 4 ':)S 2.40 . j , • U:5 0.77 -6 'f" 0 L.. . t 1-. ::> 3 3 :3 ~~ 6.40 4.48 1, • 9 ~~ () .43 '73 13 3 ~5 :3 4 4. on ?24 l.El4 0.83 68 13 3 3 4 i 6. 6~:·; 4.3S 2. ;-:';0 0.53 DB iOO 3 3 4 ;~ 8 . ;,:~ 0 4.05 3 I 3~:} 0.69 76 63 3 :~ 4 3 i1.77 7.55 ~). 70 O. '7'7 j. on DB 3 ~~ 4 4 8 . ;!.El 4.BB 3.40 () • '7 () 7;3, 50 3 3 ~:; i 5. ~5D :~ I 3;,~ ;~~.()6 o . 6;~ 6t 138 3 3 5 2 5. <:;7 3.29 2. (/; 0.82 64 75 3 3 ( - ~5 B.50 S. ~;9 ;~ . (I:t 0.5;::' E!~? 138 ,;) ~:s :3 S 4 6.29 ~5. 77 rj I· M ') 0.67 S9 63 L- •• "> t... 
APPENDIX TABLE 13 Analysis of Variance for Experiment 4 
Source of OF Height Germ 
Variation 
% Whole plant 
x 10- 2 X 10- 1 
Blocks 2 7,9 9,9 0,5 
Kinds 2 2529** 6972 ,5** 248** 
Media 4 167** 872 ,2** 321** 
Fert. 3 218** 1117,3** 63** 
K.M 8 33 250,3 42 
K.F 6 37** 248,7** 6,1** 
! 
~1. F 12 16** 61,3** 5 ?** , .... 
K. llj. F 24 7** 39,8* 3 6** , 
Error 118 2,6 i 15,1 1,0 
1----. 









































APPENDIX TABLE 14 Data for Experiment 5* 
1 1 1 1 
1 1 1 2 
1 1 1 3 
1 1 2 1 
II? 2 
1 1 2 3 
1 131 
1 1 3 2 
o·t . S 
C0 . \.I 
OJ.1 
0 2 . 6 
C3 . b 
OL . S 
02. 3 
CIt . 3 
'1 1 3 3 t,:;;: . :;: 
1 1 1+ 1 () 5 • :> 
1 1 It 2 c<.; . c 
1 1 4 3 ()Z . :.l 
1 1 '5 1 o ~ . :> 
1 1 5 2 C6 . f., 
1 1 ') 3 a~ . 7 
1 1 6 1 03 .1 
1 1 6 2 0 7. 3 
1 1 6 3 0.1 . 8 
1 1 7 1 
1 1 7 2 
1 1 7 3 
1 1 8 1 
1 1 d '2 
1 1 :3 3 
1 1 q 1 
1 1 0 ~ 
1 1 9 3 
I 2 1 1 
1 ~ 1 2 
1 2 1 :3 
1 2 '2 1 
1 2 -, Z 
l. 2 2 '3 
1 ') -3 1 
1 .., 3 ., 
1 ., 3 '3 
1 :' .:. 1 
t > 4- 2 
1 ? 4 '3 
1 ') ') 1 
1 ') " '2 
1 ~ 5 3 
1 ~ h ' 
1 ~ 6 2 
1 2 h 1 
1 ( 7 1 
1 '2 7 ? 
1 2 7 '~ 
1 ') 3 1 
1 ) ~ 2 
1 ., >3 3 
1 ? r) J 
1 7 q 2 
1 2 q 1 
211 1 
2 1 1 2 
'2 1 1 3 
2 1 2 1 
2 1 2 2 
~ . . . 
I.. ;) . .... 
C4. o 
01 . :: 
o£, • . J 
l i . u 
OL • <1 
fJ 'J . ; j 
lL . 9 
03 • (;, 
I i . ;) 
0-) .1 
0 7. ') 
2,, ' 0 
1,:;. . 4 
0:> . 7 
0 .. . 7 
07 • .; 
o I • :j 
? 1 • .• 
1 :.. • :.. 
0 " .1 
') . " 
- .: . '-
1 :.> • 'J 
11 • ~ 
2J • .; 
1 .... . ') 
O:; . \., 
2j . ~ 
! tJ . :J 
1'.." • L 
1 !> • .J 
I t, • "1 
10 . J 
1 :> • j 
1 1 • '"/ 
0 7 . :> 
Cit . S 
C:..· . 'oj 
00 .4 :) 
Oe . C' S 
u 0 . 0 6 
Oil .l O 
0 1. ') 2 
0 0.7 2 
UJ . OG 
u 1 . -=U 
:;:.1.:. ::: ::= 
0 1.17 
l . It • ~ ~ 
uO . CJZ 
v I. "': 
,, 3 . 4 7 
:) 0 . 6 j 
vO . 13 
l; 4. I 'J 
::J0 .o :; 
Jt; . l ,t 
Ij 1 • . ) i 
l ) ') .l .j 
lJ ~ • I • . :; 
'J 4 . f ) ~ 
\.1 0 . 60 
~ , 2 . I) ~ 
u"'- .70 
:~ 1 • ~ G 
..;4 . ',0 
v ~ . ~~ 
('() . /:) o 
1 0 . :) ~ 
l l '1 . ') c) 
1') . I v 
u .... 1 . 'i IJ 
l.?!,(j 
..; 7 • :-; iJ 
A • • -;~_ 
t .1 f) . () ~ 
(; 7 • 1 .. 
1 "" . 7 . , 
J 7 • . ' 7 
1 ' . 'n 
c 5 . f ,,j 
t)?:') ..... 
U ~ • I .J 
1.J t ) • ." .... 
v5 . f. ) 
1<') . q;.; 
L' f) • " 3 
J 3 . "~ 
11 . ,) L, 
u3 . Q:; 
l. -: • 'J u 
v 7 . 2;' 
(;,) . 1 2 
,, ? '1 .3 
~ n e ") l.J 
()(" . l G 
:'; 1. 6 & 
00 . 3 0 
J 1 . (, -'-
CO. go 
u I) • 0 () 
,) (' • C; ~l, 
0 0 .1 5 
0 0 . 1;, 
vf', • ')3 
.... ~. .. .. ... .. .. ..... ',' . ..... .. 
00 . ? r:; 
0 2 . 57 
0 0 . bJ 
J i) . " j 
Ul.7 J 
01) . 43 
u :! • 1 '') 
Ol. t;j 
\.J :") . 7 '; 
,) . • i ,; 
() 1) . U5 
L " • 1 ~. 
ur1 . ? ,) 
0 3 c 1 ~ 
tJ ' . /t ~; 
-)1 . 22. 
lJ3 .. Q:) 
U 1 . :-- J 
p . • 7 .J 
\J"" • I .. 'f 
C C', . ~ i 
,) (' • r~l 
) 7 .. 1.. \J 
i () . l, ) 
'J 1 . qu 
:j -'. CJ 
jr", • '-'\,' 
u) • . ; ( , 
(
1
) • ?L: 
..;;.., .. -., , 
.. 7 . ~~ 
, '. "'- r.'( 
11 : -., 
..; I t • " ~) 
j " • J .J 
.J: • ~,. , 
\J:- . ~1 u 
:J I • • t. J 
~ :) • !. :.. 
"J I • • "i 7 
03 . 4..) 
~ : • 'i . ~ 
' .1 1 . ? if 
U 3 . -::"J 
.J { . • :-:_ 
(;", • ? L 
OJ. 3 '.J 
1,..1" • 0J.i 
u0 . 0::-
.J 1 • . ~ 
on . 1 .J 
UO. :) 7 
(; 8 . 3 ':' 
0"J . t~ ., 
00 . q /~ 
0 ') . 07 
vn . ::>J 
ur) . qG 
.... ... . .. 9 .... . ··· ·,·It .... ... .. 
UG . 3 j 
0 2. CJ 
\J1 . 27 
u'; . 57 
u 1. 6 ,) 
C"\ . 2 .; 
ulJ .l ,:, 
O"?4 7 
u" . ",: 
V 1 • Cllt 
0 1. 0 2 
LJ ) .. ..J 
O '1. ~ 0 
(, 1. 5 3 
(J ''). 1 .J 
0 ,) .. 'h. 
1 . '.:)J 
(" I ~ • I ! 
un . C),; 
(~ I'\ • '\ , 
0 1 • t., -, 
, l ~ .. '3 : 
..: i • 'h) 
lJ ~ .. L ) 
Ij i) . 1 u 
J ,) .. Cj . J 
~' 1 • c, . 
l l. n,~ 
U l. 1: 
, 1 . '1 ., 
0'. t;q 
·_, 1 • <: ) 
'" ] • • ) I 
(l ').~ u 
v" . ?, 
O'j . 5 ~J 
O·). 't :) 
' 1 • J .... 
L ~ " r,~ 
(J l .t; i~ 
L ) . ~ 7 
J 1 .. "i ,; 
<.-0 .7 ,+ 
li ,) • :;.) 
i) ') • 7 ) 
u ,; . lv 
L' l . H 
C' O . 17 
r l - '"\ _ • 
'-'" J • j . ' 
0 ·) .. 6 7 
'" 0 • Co 
'oJ r. • 21 
,)~ . i 1 
:. O .. rl 
'/ 0 . is 
~! 0 • O:J 
J 0 . 1" 2 
: 1") . 1" 
;J "" • 1 ) 
u O.47 
· .. ·') .1 2 
~ t) • ] ~, 
,j I'). 2 1 
J I') • f ),} 
) 0 • a t 
1,1 n .2 ·'} 
.10 . 1 ':> 
u l . J J 
') 0 . 21 
.. 0 . 0; 
.J • .., .0., 
J'l • .'" , 
, " . 0) 
.>0 ."'1 
,J n • ~ .\ 
•• 1 I') • 1 J 
J 'l . '·l 
u:! . : 7 
wi (" • ...., J 
u l. f1 , 
'.J 1 • ~ " 
I' t'"' _ (1 j 
u ) . 07 
',' ) • 1 
• : ) 0 c; 
..... ') • C") tf 
) ,J • ; . i 
'..- 0 . c 
.;.,) .0 ., 
J ("\ • :; 
J 1. 01 
' J , ) • 4 , 
."'\., "'-
, J I) • < 1 
.) n . "i , 
) ') . 1.-. 
'. 0 .7 ', 
"\ t. 
>"<<. , 
,J 1 • r ~, 
'" ,') • ? 
Ii • 3 ~' 
, ') • '3 ) 
\In . r 
u l" . 2 :; 
:; () . 1 ' 
) ') • G.:.:: 
'JO . l7 
0 0. (1 5 
,,) 0 .t 0 
':: 'j .l c. 
v ~ . ;'l 
J O.I J 
i~ () . 0 2 
O () . "\ ~ 
0 '').1 0 
.... J,. -"- . . .. .. .. ...... ..... . ,' 
'J O.1 t, 
JO . 37 
:) "\ . 11 
Qn. 1 2 
d 0 .1 ~ 
.. " -V ·,J . .; 
~O . ')J 
C ,) .2 i 
u0 .1 4 
~ "J • ') i t 
u l') .l o 
ijr) .. 'J (~ 
, ) " • I") ''; 
,," . 11 
J0 .0 ,:, 
v1 . 22 
' J f1 • !, ? 
, n • 1 7 
..;l . 1 .... 
(. I'i • ? 1 
.. : ('\ ... I . f.. 
.; • '"1 
In . 4 ,, 
u·').7 ~j 
C ') • . u 
0 " .1 , 
LI 'I. !.; 
J/) . ! .:) 
, .. ) . .' .. :::, 
dn .. ~, .) 
... .1 " . 7 ."" 
. )." • t. ' 
.) ') . ~ .-. 
Vi'" ., ", 7 
.:" • 1 f 
i l () • 1 3 
' J ").4 0 
~ I ') • 10 
~, ! • £., :.. 
" ') • ]1 ' 
\ .' ( ) Co .... I 
J .I. <'lJ 
'"\ -, , -
vO .?' 
..... "'1 .. 4 '1 
'J ") ,,'--'J 
, · O . l :~ 
O. r. 1 
J . ::: C; 
\. .1 • ..., 1 
(, . 0 1 
0 . 0 5 
,; • :. 1 
~ . 0 l 
C . ~, 4 
(, . J 3 
L' • 1 () 
" • • J 1 
0 . '; 6 
1..1 . ') 7 
C • ,; 1 
~, • v 1 
~ • • .) Q 
\'1 . v 1 
J . j l 
, . • , 6 
~ . J I 
( .. ,; , 
. ' 0 
U • .,.I 
U • \J 1 
'" . .., () 
I. ' • 1 1 
1) . 0 7 
• I : 
v • .", f, , ... 
\... . ~ ') 
\.. . ~q 
" ., . '" )
\1 . ~. n 
\, • ,; 1 
. ' . , j 4 
" • i 1 
" u . ' 
" • ; 7 
. • . , 7 
~ • : 1 
.~ • 1 f) 
,; . i. 1 
" • ': '1 · , ' 
:, • _ 4 
.., • i . ..., 
L, • ) q 
' 1\ 
) • .l.. ..I 
• .' q 
• .... f) 
\.I • .!. C 
~ ~ 
\, • 1.1 t; 
1\ 
,->' • L v 
~ . • ~; 1 
, I... 
~. ' . I I 
V ') • 1 1'j J . ': 1 
vf') . t"\: ," I 0 .• ~ 1 
OD. I l 0 . 0 6 
*Variates in column order are blocks, fertilisation (1 = water only; 
'®' ® 2 = Chemicult Plus ), media (1 = Amberglo; 2 = bark; 3 = Gromor; 
4 = bark + nutrients; 5 = bark + ~ Lewatit; 6 = canadian~eat; 7 = 
local peat; 8 = local peat + nutrients; 9 = local peat + Lewatit), 
kinds (1 = tomatoes; 2 = cucumbers; 3 = cabbages), height (cm), total 
fresh mass (g), top fresh mass (g), root fresh mass (g), tota 1 dry mass 
(a) . +,..'" ..J._. , _ _ 
211 
APPENDIX TABLE 14 Continued 
2 1 ? 3 02 . 2 
2 1 "3 1 OZ.~ 
2 1 3 2 0"1".2 
2 1 3 3 
214 1 
2 1 4 2 
2 1 4 3 
2 1 " 1 
2 1 '" 2 
2 1 5 3 
2 1 6 1 
216 2 
2 1 6 3 
2 1 7 1. 
2 1 7 2 
2 1 7 .3 
2 1 q 1 
2 1 >\ 2 
2 1 'l ;\ 
2 1 9 1 
2 1 q 2 
2 1 q 3 
, ? 1 1 
? 2 1 2 
2 2 1 3 
2 ? 2 1 
2 , 2 2 
? 2 2 3 
2 2 3 1 
2 2 3 2 
2 2 J 1 
? , 4 1 
2 2 4 2 
, 2 4 3 
2 ., '5 1 
2 2 c; 2 
2 2 5 3 
7 2 6 1 
? ') h ? 
~ ') I) 3 
? ! 7 1 
') !. 7 , 
2 ? 7 3 
2 ~ rl 1 
') ~ =3 2 
2 ? ;J 
, ~ q 1 
2 ? ') 2 
2 2 0 3 
3 1 1 1 
3 1 1 2 
3 113 
, 1 2 1 
~ 1 ? 2 
3 1 2 '3 
3 1 3 1 
3 1 3 2 
3 1 3 3 
3 1 4 1 
3 1 4 2 
03 • . J 
0=,.6 
11.0 







.) j . ;) 
C4.4 
O~ .1 





6 . :; 
12.0 
Od . ::' 
1d . 9 
2J.u 
0 :. • .:-
14. 3 
C-:J.t.. 
~' .. '. ,'. 
',' '," . ...... 
2J . <j 
1 0 . ) 
07.4 
') 2. . ') 
10 . 2 
1 1 • L 
lit. o 
110J 
0 7 • .3 
22.01 
1 0 . " 
11 • :; 
L .... j 
l"t. 7 
1" . '-1 
14. -t 
l..i. b 
I) ) . -' 
r; ... • J 
Co.) 
()L .~ 
Oi • . :., 




J ·:" .7 
0-=' . 5 
00 .1 2 
(; O. Od 
~1.37 
v 0 . ()7 
01.16 
04 .4 J 




00 .7 "; 
0"3 .7 :) 
v O.63 
v l) .1 3 
J? r. (' 
un .1 IJ 
(;0 . ('2 
,' ) I~ • ~ .; 
0t: . 1)(,; 
vl.° t) 
u 4 . ;t. 
(j:" ., :') 
.J '~ . f, 7 
0 4.Au 
11.?7 
('1) . 2J 
()~ .') 5 
u:) .1 7 
03 .~ G 
01 .7 :1 ... . ... . '. ' . 
.... ', • • '," "ro 
1 1') .4 ~ 
L.r; . 'i .~ 
V~ . '32 
i '1. " ( 
U?:',.: 
iJ~ . :\ .) 0" .1 -' c') . :") 
v I • '~ . J 
o q . L,C. 
l.r; . ,,") 
" 4.2 0 
i 1 • . ,;- J 
IJ 4 • c:: I\. ; 
v' • • <) " 
'v 7. ? ..., 
\.I{: . 1, 7 
Ct '.8~ 
00 . ,':; 
.)A .I u 
LJ 1 • 'L 
OO .~ J 
uf) . 'J5 
') I • I'J 
C;f') . ~5 
v', • 1 v 
00~C f, 
on. 0 ~) 
00 . 6.j 
00.0 5 
JA.7 (l 
;)? • ()U 
,)0. ::;.; 
00.4) 
'J 1 • rUt 
:)C . 34 
OO .i f; 
J 2 . Cj 
QO .4 3 
'j I) • 1.3 
:.) ', .1 7 
on.l :; 
00. l ! .. 
J?R 2 





c) L.. • (' l J 
.i. (' .. 1 :.! 
u ') • lu 
:)7.1 :> 
..., ." • t '/ 
G£' .It::' 
vl.' .1_ :-.. .... ..... ... ',. '." •..... 
U(J.°l. 
.IS ./) ) 
o C) • ("" 
;; 7.:'. 1 
J lt . f-:.-
i 2 . "( 
:J? C':: 
.I?C ~ 
u4. 7 J 
(; 4. ~ (! 
",j (t • C 7 
;) 7 • Q:, 
' .I 4 . ,' v 
~n . S~ 
L Q . r .J 
\"',1 . C; 2. 
vi. • ?v 
I..- 6 .4 '; 
V ,· l . Jv 
.::,r, .. q..J 
vi) . 2J 
'Jr . na 
_(' .7 (; 
J ;") • 1 ...: 
'In . ');; 
'In . 'ij 
on . 53 
.j 2 . "2...l 
0 ,).1)3 
JD . 03 
(j l.ttl: 
GO .O Z 
0 1).3 :3 




u0. 1 cl 
v '). L. J 
vl. 7 u 
0 0 .. . ? U 
~:) .(' ~ 
UO . q ..: 
(JO. OJ 
O ') . I)~ 
() 1.'~ 0 
v"" .l .J 
0') • .' 0 
CJ l. Q ) 
l ' l ......... ., 
(;'''' .It !J 
( 1) .. '->", 
U 1. 12 
(J ().9": 
.,) 1 • it I'; 
V ) .. ~ 
l.: ) • r::, '( 
I~ ') • : ,-. 
,' . .... .. .. .. ..'.- ', .. .... .. .. 
0 1.7 :" 
Ol. (),; 
ul . ~') 
02 . n 
.;n . ~t 
c.~ . Sv 
(..0 . 1 l ; 
c O. ? ... 
t; ") • I~ _ 
(; 1). '1 , 
C I.f) j 
I ..... t') . ,,", .. ) 
'J 1 J 
Ci ') .1 ;l 
vI . CiS 
.)! • 'J'J 
C 1.7(. 
Gn . R; 
0 '1 .17 
vl.07 
(; () • 1 ' J 
\j 0 .!') :} 
C 1 • 1 'v 
'J J . ~ { 
u 0 . 0"': 
(; .j. 0:J 
~' .. . ', .'. " 
~ , . , .... '.- ro , 
Ot) .3 ~ 
(. 1.1 .., 
0 0.C 2 




8 0 .41 
CO . 1...: 
\.10 .0" 
"O .1"1 
v ('1 . C·t 
!) 'I • ('0 J 
.) () • 3:1 
\ ! o. ('J') 
... 0 . fij 
,! ". Z ~ 
:> 0 .('l 3 
I.~ ') • air 
I.J O .4 .) 
. " ro. .. 
.... I I • \.~ .. , 
un . '3 n 
~) 0 • 4 :, 
.... i ') • ..., 't 
&) r;.~") 
'-, () .4 ": 
'J :1. 0 ) 
J ') • c:: '-
, ,) • h '/ 
,_ I") .. 3 1 
un .1. -
un _ ? I: 
~ '.. ,,'. -' . 
t - ' .~ • ' ,~ "," 
~ i f"\ • ( . ;' 
,F) • ~_, 
., " .7" 
'J n .7,. 
. ') • t. ~ 
v 1 • C ~. 
_.; r) .l " 
) ~ • , 1 
1 .1 7 
.J I) • It ~ , 
JO .I. ~. 
Ii (). 5. 
'-' ) . 7 .. 
v ') • '3~. 
l, ' .Ci ·; 
.J ") • 3 I 
ur; .4 u 
v () • c:: .:. 
to (' • Ov 
J n. 11 
v r . 0 ~, 
c' t; • c ,: 
,,'J .1 7 
. .) 0 • I)'> 
v:i . 01 
..10 . L: 
.' ..... . 
', . " ... " . ~ ,. 
.),", • 1 l 
v 0.41 
on.02 1.1.01 
I.~ A • ')1 
'J ('l • () ':I 
l 0.01 
JO. ' r 
\JO .11 
')0 .11 
I) " • ('! it 
0 ').13 
J(). ,')3 
.J 0 • :' ~J 
0 1.'0 
,..; f) • () , J 
., ').~z. 
on.! .:> 
u ·, .. i ,~ 
j f) • I) J 
1"):1 .~ O 
.i .. . "17 
.; ".'\ 
d ".l ] 
/ ) ').1 2 
I • • ,i 1 
J . J4 
v . ,'~ 1 
l • • J"'3 
0 .10 
v • '- 1 
v .)~ 
(, . ::/ 6 
'- .. ~. ~ 
,_ . J 1 
;,1. J ~ 
~_ . • J 1 
0 . u 1 
~ . I~ c; 
" . i 1 
iJ . j 1 
~ , • . , '1 
\ . • :J.' 
\. • • • j 1 
\ . • 1 1 
\) . J ., 
, I ') • I .. :) \ , . , :' 
. .l \.' {~ i J . -l n 
(; 0 • 7 :> 'J . 1 4 
\; r; • t. L 
1,, 1 ."7 
) "1 • ? :-
d '1 .1 j 
ll ').LJ 
0"..... ~' .. _ " 
"t " "t ' ,. . .. ".~ 
1) .:; 6 
v') • It ;) 
vi) . 6u 
: ' " L."1 v " « \ ' .) 
I..! ').~ ~ 
v f') . (1'; 
J '" • ' ~f 
,} () • 1 " 
\.)') .~ ~ 
.~ ,1 . '>,] 
uJ .lo 
u ('\.~ 3 
" ") • 1 0 
\) :'l • ,~ 
l~"" • 7 ::; 
i) " • ? (; 
,''') • ":t 
.:() .(. ~ 
vCl . O:.> 
~ 0.11 
: , (\ • I) ( / 
~! I') • ') 1 
v J .l 1 
(:C" . t'){~ 
~} :1.; : 
c') . ns 
- ' , .... .. .. "" .. ...... -,~ ' .~ 
j f).0 9 
00 .1 3 
U.it') 
- " I ! • i ,J
• .1 • I) . \ ., 
', . v , ..j . , It 
" '. ,'. .. ' . '," .' 
I • l 1 
, ..., 
.. . J ' 
(J . 1 2 
' . • 1 ." 
" • \ .1 /::I 
\.; • 1 .., 
I . J 4 
~) . : ', 
(.I • ...., =; ... · '. ,... 
\.. • t i 
"';. 0 '" 
~ • ,: t. · ~, 
., • _ 1 
,~ . , ":) ... · .; .., 
• 
" • 1- ? 
'" • I~ ' 1-, 
'-- • \- 1 
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, • j S 
- 1 l . J J. 
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APPENDIX TABLE 14 Continued 
3 1 4 3 02. 6 
3 1 5 1 04.6 
3 1 5 2 07.u 
3 153 
31 6 1 
316 ? 
3 1 63 
3 1 7 1 
3 1 7 2 
3 1 7 3 
3 1 q 1 
3 1 3 2 
3 1 '3 3 
3 1 q 1 
3 1 9 2 
3 1 9 3 
3 2 1 1 
'3 2 1 2 
3 2 1 3 
3 2 2 1 
3 2 2 2 
3 2 2 3 
3 2 .1 1 
3 2 3 2 
3 2 3 3 
3 2 It 1 
:3 2 .', 2 
3 ") 4 3 
3 ., <) 1 
3 2 r; ? 
3 2 ') 3 
3 ~ h 1 
3 2 (, 2 
3 ? I, ~ 
3 j 7 1 
1 ") 7 ? 
"3 2 7 3 
:3 2 !J 1 
3 ~ ~ '2 
""\ 2 .. ~ 3 
3 1. 'J 1. 
3 :? q 2 
;\ ., 'I 1 
02.b 
OJ . ':i 
Cd . '2 
02 . ~ 
()3.2 
C4 . ) 
01.9 
C ... . 1 
1 U. 1 
02 . 3 





Oc . v 
l <i . 5 
1 ~ . 4 
f)o .~ 
lJ. 1 
1 '" • ,-' 
') :l . :;; 
2 J • t~ 
17.1 
07 . :.J 
2t. .1 
17.0 
'J:; . 6 
16 .7 
1 v • () 
C7 . J 
2 1 • 1 
1 :.: ... .i 
] 1 • lJ 
1 :> • l, 
11 • 'J 
1 i. • -' 
1 L.l 
1 .~ • 7 
07 • (; 
O() . il? 
Uf).74 
(; 2 . qo 
("0 . 60 
CO . 5:" 
J3.12 
()0 . :lG 
U0 .1 7 
O !. ~.3 
cn .I7 
'.: '" • 4 :) 
03 .1 0 
OO . Oj 
J :. 1 2 
u 5 . 3J 
J "'."'I.) 
7 • I .. 7 
,! I-., • 1 i.. 
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APPENDIX TABLE 15 Analysis of Variance for Experiment 5 
M.S. 
Source of OF Height Fresh Mass Dry Mass 
Variation Whole Shoot Root Root/Shoot Whole ( Shoot Root Root/Shoot Plant Ratio Plant Ratio 
i x 10- 1 X 10- 1 X 10- 1 X 10- 2 X 10- 1 
Blocks 2 2 0,5 0,3 0,2 0,7 0,3 0,2 0,6 0,03 
Fert. 1 3201** 1137,0** 944,3* 8,8* ~ 82,5** 58,0* 43,4* 16,7** 11 ,O*~ 
Med. 8 36** 23,1** 14,6** 1,2!'* . 1,1** 1,9** 1 1** 1 1* 1,9** , , 
Kinds 2 522** 41,7** 42,4** 3,0** 13 ,2** 2,4** 1 7** , 0,02 2~1** 
F. M. 8 42** 27,3** 17,0** 1,3** 1 3"'* 2,3** 4,7** 1 5** 2,7** , , 
F. K. 2 273** 142,5** 79,1** 11,4** 11 1** 7,4** 0,4** 4,1** 0,05 , 
I M. K. 16 14** 6,3** 4,3** 0,4** 0,6* 0,6** 0,3* 0,4 0,5 
F.fvl.K 16 11 ** 6,5** 4,4** o 3** 0,3 0,5* 0,3** 0,4 0,7 , 
Error 103 1 1,2 0,8 0,08 0,3 0,1 0,07 0,3 0,4 
I 
CV % 11 ,4 26,2 26,3 34,7 39,5 32,5 30,0 84,6 60,1 
-------- - ----~--~~ --- --I...-
'" .;::. 
APPENDIX TABLE 16 Data for Experiment 6* 
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*Variates in column order are blocks, concentrations (1 = 0,7 g; 
1,4 g; 3 = 2,1 g), times (1 = once per day= 2 = once every second day; 
2', 
3 = once per week as solid), kinds (1 = lettuce; 2 = tomatoes; 3 = 
cabbages), total fresh mass (g), top fresh mass (g), root fresh mass (g), 
total dry mass (g), top dry mass (g), root dry mass (9) 
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APPENDIX TABLE 16 Continued 
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APPENDIX TABLE 17 Analysis of Variance for Experiment 6 
Source of OF 
Variation 
Fresh Mass 
Whole Shoot Root 
plant 
Blocks 5 1,6 1,3 0,3 
Conc. 2 58,4** 48,5** 0 ,8 
Times 2 1O~ ,4** 124,5** 0,7 
Kinds 2 224,1** 129 1** , 19,5** 
Times .Conc. 4 7,5 3,7 1,1 
Times .Kinds 4 11 :6* 7,9* 0,4 
Conc .. Types 4 4,7 3,1 ~ 5* I 1, Times·Conc .. Types 8 4,9 2,5 0,4 I Error 130 2,9 1,5 0,3 





x 10- 2 x 10- 1 
I 
0,8 0,4 
10 ,0* 1,7* 
40,3** 5,1** 










X 10-2 X 10-2 




























APPENDIX TABLE 18 Data for Experiment 10* 
1 1 1 1 3134 4.5 . 696 11 50 33 
2211 4938 . 6.0 823 25 8 66 
312 1 4691 6.5 722 19 31 46 
422 1 2212 3.0 737 22 33 44 
1 2 1 2 3723 5.3 698 38 31 32 
212 2 4934 6.8 731 33 30 18 
322 2 3953 6.5 608 43 19 44 
4 1 1 3 3935 5.5 715 27 36 50 
1 123 2938 4.3 668 29 35 31 
2 223 3202 5.3 610 48 38 45 
2 1 1 1 4479 6.5 689 42 23 35 
3 2 1 1 3400 5.0 680 25 40 30 
412 1 2885 4.3 669 18 35 41 
1 1 1 2 3757 5.5 683 18 41 37 
221 2 2418 3.8 645 40 7 37 
3 122 3758 5.8 654 48 26 25 
4 2 2 2 3298 5.8 574 30 35 43 
1 2 1 3 3121 5.0 624 30 20 10 
2 123 4343 5.5 790 27 32 27 
3 2 2 3 2391 4.0 598 50 25 35 
3 1 1 1 3433 5.3 654 38 14 38 
4 2 1 1 1387 2.3 594 44 0 43 
1 2 2 1 3445 4.8 725 16 63 21 
2 1 1 2 4734 6.8 701 37 22 23 
3 2 1 2 3211 5.5 584 64 9 26 
4 122 2662 3.8 683 27 20 29 
1 113 3577 5.8 622 22 30 29 
2 2 1 3 3521 4.8 741 26 37 33 
3 1 2 3 3417 5.3 651 43 19 39 
422 3 1996 3.0 665 44 11 32 
411 1 1915 3.3 589 39 46 15 
112 1 4350 6.5 679 38 27 35 
222 1 5629 7.8 726 29 26 42 
3 1 1 2 5036 7.0 719 15 43 30 
421 2 1851 3.5 529 21 14 53 
122 2 3397 4.8 715 16 32 37 
2 1 1 3 5495 7.8 709 29 23 38 
APPENDIX TABLE 18·· Continued 
3 2 1 3 2724 . 4.3 641 53 29 33 
412 3 2808 4.3 661 59 12 39 
1 2 1 1 2700 4.3 635 29 24 47 
212 1 4726 7.0 675 36 39 25 
322 1 4205 5.5 765 27 27 45 
4 1 1 2 2773 4.5 616 33 11 19 
1 122 3944 6.3 631 40 24 40 
2 2 2 2 4564 7.5 509 43 27 41 
3 1 1 3 2393 4.0 598 50 25 35 
4 2 1 3 3318 5.0 664 30 30 25 
1 2 2 3 2347 3.0 782 33 33 18 
* Variates in column order are volumeofmediun (1= 7l; 2 :.: 10l; 3 = 13l; 
4 = 17l), between- row spacing (1 = 30 em; 2 = 60 cm), in-row spacing 
(1 = 20 cm; 2 = 40 cm), blocks, yield (g plant-I), total no fruit, 
mean fruit mass (g), per cent. class 3, per cent. class 2, per cent. 
class 1 
· 22C 
APPENDIX TABLE 19 Analysis of Variance for Experiment 10 
Source of DF 
Variation Total Total Mean fruit 
yield No. fruit Mass 
X 10 4 X 10 2 
Bi ocks 2 82,7 2,4 71 ,9 
Between 1 50,5 0,8 47,8 
In 1 350,2 6,1 11 ,3 
I 8. I 1 29,0 0.,8 0,3 
Error (a) 6 106,1 39,7 
Volume 3 682,7** 10,7** 90 ,8* 
I 
V.S 3 7,2 0,4 34,3 
V. I 3 5,3 0,2 25,0 
V.B.l 3 27,0 1,8 6,2 
Error (b) 24 55,4 0,8 28,3 
CV % 23,3 19,6 8,3 
-
M.S. 
Per Cent. No. in Class 
1 2 3 
X 102 x10 
0,6 1,4 32,0 
0,03 1,5 2,0 
2,6 1,2 4,6 
0,03 4,9 0,01 
0,9 1,1 15,6 
1,5* 2,6 33,7* 
0,4 1,1 2,5 
0,2 0,2 5,4 
j 
0,1 I 1,5 6,2 
0,4 1,5 9,1 
40,7 43,0 34,2 
No. Fruit in Class 
1 2 3 
X 10- 1 x 10- 1 X 10- 1 
6,3 2,4 7,8 
0,3 6:1 4,8 
25,6 12,5 1,5 
0,3 13,0 1,0 
8,9 5,6 1,9 
15,4* 11 ,6 2,5** 
3,8 . 5,7 0,7 
1,8 0,3 2,7 
1,2 1,5 1,7 







APPENDIX TABLE 20 
1 1 1 ; ::> 2 3 
1 1 2 L. j 17 
1 1 3 3 ... 2J 
1 1 4 L. 1 2S 
1 1 5 3Z"' 7 
1 1 6 4 7 7 J 
1 1 7 4 7SJ 
1 1 8 3:...3 1 








Data for Experiment 12* 
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*Variates in column order are blocks, times of planting (1 = 1978:02:16; 
2 = 1978:03 :09) , media (1 = vermiculite; 2 = perlite; 3 = Umgeni river 
sand; 4 = peat: vermiculite; 5 = 1 peat: 1 sand; 6 = 1 peat: 2 sand; 
7 = peat: perlite; 8 = peat: polystyrene), truss 1 - mass (g), truss 1 -
No. of fruit, truss 2 - mass (g), truss 2 - No. of fruit, truss 3 - mass 
(g), truss 3 - No. of fruit, truss 4 - mass (g), truss 4 - No. of fruit, 
truss 5 - mass (g), truss 5 - No. of fruit 
APPENDIX TABLE 21 Analysis of Variance for Experiment 12 
Source of DF 
Variation Yield on Truss 
1 2 3 4 
x 10 3 x 10 3 X 10 3 X 10 3 
Blocks 2 35~1 36~7 220~1 178,0 
Times 1 576~6 346~5* 19~5 9,1 
I Errol~ (a) 2 34,9 5,4 9,4 298,8 
~1edi a 7 30,5 38,5 89,1** 234,2 
M.T 7 25,8 113,7** 94,5** 268,4 
Error (b) 27 12,8 29,0 21,4 230,5 




5 . 6 yield 
X 10 3 X 10 3 X 10 4 
425 ~ 2 \ 258~0 408~3 ! 
925,2'* 254,4 i 1311 ,9* 
27,2 42,8 50,8 
43,1 41,4 75,4 
I 6,2 43,4 66,0 
I 25,5 27~0 34,6 








11 3* , 
3,9 
19,2 

















APPENDIX TABLE 22 Data for Experiment 13* . 
1 1 1 . 3128.8 32.7 972.7 
1 1 1 4153.8 41. 5 100.0 
1 1 3 3364.5 35.3 95.'2 
1 1 4 4231.8 43.8 96.5 
1 1 5 4464.3 42.5 105.0 
1 1 6 4270.2 36.8 115.9 
1 2 1 3374.3 36.0 93.7 
1 2 2 3680.7 43.6 84.2 
1 2 3 3785.8 38.1 99.1 
1 2 4 4132.7 42.8 96.4 
1 2 5 4260.8 42.5 100.2 
1 2 6 3336.3 39.8 83.7 
2 1 1 5444.7 52.6 103.3 
2 1 2 4800 . 3 47.5 101.0 
" 1 3 4728 . 8 46.8 100.9 c.
2 1 4 4627.0 47.1 98.1 
2 1 5 4562.2 43.1 105.6 
2 1 6 4821. 7 52.6 91. 5 
2 2 1 4858.5 44.0 94.5 
2 2 2 4048 .7 42.3 95.6 
2 2 3 3449.8 41.5 83.1 
2 2 4 3857. 8 44.8 86.0 
2 2 5 4784. 5 49.5 96.6 
2 2 6 3697.0 40.8 90.5 
3 1 1 3921. 5 40.1 97.6 
3 1 2 4538.3 43.6 103.9 
3 1 3 3965.8 42 . 5 93.3 
3 1 4 4246.5 43.6 97.2 
3 1 5 4780.5 48.5 98.5 
3 1 6 4529.8 44.1 102.5 
3 2 1 3945.7 42.0 93.9 
3 2 2 3841. 8 42.5 90.4 
3 2 3 3140.3 39.1 80.1 
3 2 4 3419 . 5 41. 5 82.4 
3 2 5 4102.5 45.0 91.1 
3 2 6 3324.0 41. 5 80 . 1 
4 1 1 3851. 7 43.3 88.8 
4 1 2 3675.0 37.1 98.8 
4 1 3 3816.8 43.3 88.0 
4 1 4 4143.5 45.3 91.4 
4 1 5 2899.0 3l.1 93.0 
4 1 6 3710.8 42.5 87.3 
4 2 1 5371. 2 44.1 121. 6 
4 2 2 3280.8 38.5 85.2 
4 2 3 3803.2 44.0 86.4 
4 2 4 3506.3 40.8 85.8 
4 2 5 3778.8 40.8 92.5 
4 2 6 3236.3 36.6 88.2 
*Variates in column order are blocks. fertilisation (1 = pre-
enrichment, 2 = post plant feeding only), media (1 = 1 local peat: 
3 sand; 2 = local peat; 3 = bagasse; 4 = sand:bagasse; 5 = mushroom 
compost:vermi~ulite; 6 = 1 local peat:l sand), yield (g plant-i), 
number of frult per plant, mean fruit mas s (9) 
225 
APPENDIX TABLE 23 Analysis of Variance for Experiment 13 
I 
Source of DF M.S. Variation I 
Total Yield Tota", No. Mean Fruit 
x 10- 4 Fruit Mas s (g) 
Blocks 3 1020 98,6 70,2 
I 
Fert. 1 1825 13,0 597,1 
Error (a) 3 627 22.7 119,6 
~1edi a 5 227 6,1 89,1 
F.M 5 334 12,3 79,5 
Error (b) 30 211 14,0 45,0 
CV % 11 ,5 8,8 7,1 
226 
APPENDIX TABLE 24 Data for Experiment ·14* 
1 2799 25 3118 35 4261 43 3383 39 2374 26 1580 20 0943 15 0777 12 CO 00 
2 4415 4~ 3947 46 1612 22 2727 3 4 2390 23 0'}10 10 1 iJ 4 ,~ 16 0177 03 029 >3 
3 2701 32 2395 33 2969 3 4 I dS 7 19 1456 18 1081 16 0-131 16 0940 14 QuO'.) 
4 4129 39 3177 40 4.3 47 46 3329 33 I S ::'9 £:0 CttO) C7 1 3 17 17 0 8 45 10 r)Q 00 
5 2257 28 29C4 26 2478 26 2435 31 111 3 15 C/41 12 C 7 ') -J 1 1 0811 13 044 t1 
1 4179 39 4439 43 4459 53 4 CJ 16 47 2975 34 0526 08 0~90 16 C711 1 1 OOOu 
2 3881 3~ 3171 35 3352 42 4771 5 3 4C6d 49 1731 25 1167 19 1332 25 00 CJ 
3 4344 39 359 8 36 3479 42 5353 :>3 3452 38 2027 27 0749 13 C8 65 19 001::0 
4 5037 50 3& 34 37 2975 40 1701 5 1 1 594 &4 1 t>B 7 3 7 26 C7 51 1397 2 1 00 OJ 
5 4241 42 3404 40 5491 61 3 ~ 94 ~ 3 208 1 26 115 2 24 1304 22 15 10 24 ()O ro 
1 3617 35 38 46 40 3114 44 4372 6 2 074 5 15 10CJl 2 1 1 :)53 30 109 4 17 08e7 
I 2 4275 45 3374 36 41 26 49 3795 4 1 1 '-18 7 2 9 19 1 5 26 147j 2 1 0439 de 21 <;2 
I 3 4209 44 4104 S5 5108 54 29 04 28 2403 26 0~7 7 14 OQ16 13 1717 2 2 CO CJ 
I 4 2S 52 28 2967 48 3383 5 4 25 ')0 30 21.157 3 1 oasa 12 0')76 16 043b o .q ')0 Ri3 
I 5 3690 39 3605 41 451 9 48 5317 61 2 3 57 35 U 8J 17 1 '16n 2R 069 5 08 OOC,) 
1 3041 2q 20 67 22 2670 32 3394 41 2703 3 9 1057 14 Ott 3 7 013 OSS2 l 't 0000 
2 4745 36 3916 33 4675 55 3!t 3 5 39 28 49 35 16 12 L 1 0-)54 15 OtlB I 20 OuCu 
3 4044 34 2937 3 't 1757 30 3280 52 13 76 25 093~ 1'3 02. 4 ::t 06 0501 10 0540 
4 2971 33 2248 28 2694 32 19 ') 2 23 I S 39 20 116 6 16 0 ':'>02 09 04'59 uq 19 61) 
5 3470 34 3,43 36 36·40 31 2071 29 090 ~ 15 12 49 2 3 1312 2 7 I J1.':1 2 1 0624 
1 36 04 43 50 39 5 3 4072 ~9 4 300 6 0 1:. 83 24 0457 1 1 Ot: Q4 09 n121 03 r)Q QO 
2 4380 43 4336 53 3 /t92 42 't699 50 3195 39 1293 2C o t.. "'J 0 7 1 544 30 13 3 () 3 4497 45 363, 38 4802 ' 5 3 3&1 5 38 1(.32 2 2 Z19,) 31 I j 45 ? 7 0921 2 1 0960 
4 3556 40 2974 .... 0 j , 2015 39 2 .;.q ~ 49 1124 ~2 1 L C 7 2:; 0,,9:: 17 O'JE\3 iC c) C t 
5 43g B 3'i 5311 59 485 6 56 26 C6 /..6 27 CO 3 6 1 ,~ 3 0 2 9 12 07 ,~ t: _ C9'U 2 1 12 PI 
1 4603 43 300:.> 37 ~ 8 40 64 4 , 60 52 2 9 ~4 J 2 102 'J 17 III J 17 0343 10 Cu CO , 
2 4 99~ :> 1 22 Cl 2 4 3431 42 433 1 43 3 ;~ 6 8 48 125 3 L2 10b 1 S 12 1.0 2C OllCJ ( 
3 3980 't 4 3501 41 3490 40 621 b 6 7 0 0 133 10 CS6G 13 l u2 0 l't 38:> 8 bO l)uCO I 
4 43't3 4') 3310 ,t! 2667 ~O 2723 ~o 2b 1L :>3 14 1 2 ~ 07')7 1 0 1't 6 o J~ C64 0 I. 
S 5u14 50 3705 1. 1 3t:22 45 538d 51 2,97 3 5 2459 32 C-," L.., 1 P. 1 J':l 'J 28 f)9 ~2 
1 5184 49 3358 32 4011 It 3 34~3 44 20 46 :12 11 3 1 17 0 6 75 14 07 7 5 2. ? CO 0) 
2 3066 28 3397 34 41 R2 42 3 3 47 j9 1<.J 63 is 11 ~ I~ £. 1 061 '1 13 095 3 25 00 Cu 
3 2992 31 293& 34 3176 3 2 170 1) 18 1 " 0 ., 29 0773 13 0 ::>1 7 1 1 1131 2. 4 07 o J 
4 339{' 30 3037 33 3190 3 0 2'1 39 2 1 13 7 lJ ,, 1 1431 i5 15 77 28 1037 1 ') 0372 
5 3383 37 3482 39 2';1')2 2 7 1&93 2 1 0<;'43 16 0 551 14 0 '; 57 1n 17 no 4'i 0000 
1 3322 42 3& 16 47 3291 40 5202 &8 1437 20 13<1(:: La Ou92 19 ()bO~ 1 7 OuOO \ 
2 2371 3C 2262 3') 38 74 46 3j40 40 277 8 ~6 144 4 2.4 11 I. Z 22 02 th 013 ()(;C) , 
3 4254 45 1775 20 4:'65 ~ 1 3017 ~2 248~ '. 1 1107 l:3 1 '. i. _~ lq 1)2 Q j (,C; 8 ') C:) 4 5142 5 3 2972 36 3& R6 45 3 /t 50 37 21:. 7 '-1 3 1 10 9.., 30 0 0 1~ 16 1:';3 3 :3 2 1L 7-~ , 
5 4135 44 40 ~o 40 3162 j4 23 7U 32 142 5 32 1 J S6 19 0 -/4 j i4 127 6 2C pc;& ( 
1 3847 35 6 0 16 66 6242 75 61...76 79 3363 .7 1 l,4 4 i 9 1 "J 7 L i t 0 Od~2 . " 034"3 C L.. , 2 3166 46 5043 53 5&48 68 4 34 D :. 1 7. '> 00 L8 17 26 :3 1 118 J 24 ()4l):; .!..4 11 <;2 l 3 3S 06 37 32 g 7 35 4761 5 3 3<t 20 40 2G74 29 138 1 23 1 ~ 1 2 22 073 9 1 2 e000 ( 4 4149 35 48 10 50 4445 ? 3 26 40 39 1 U 33 , 1 C., 61 1.4 0 '1 37 19 l u~9 1 <l OUC Ll -.. 5 4277 39 30 4u 30 4b 21 4~ 3,54 46 2~1j 39 07')2 16 12 ?d 26 1) 66:' 1 7 QuC0 C 
1 42 R6 4 R 3675 .. 5 4462 ,~ 9 3 3 72 4 2 U2j 2 0 o~ 35 1 3 00? " 19 'J4 Ql 1e 1') 30 ~ 2 2d9j 32 3492 44 4214 S6 42 4() 5 7 2396 40 0764 14 (l ~ 4 ~ ) 1 ? 038 3 Of"} OJ hJ 1 3 3142 j2 29 10 30 4242 47 2j9 u 36 0 0 73 1 1 0:'42 1 1 04 4~) 1 ? 030 5 :~ 'J 00 C.) 4 2'J 24 31 33 ao 38 4161 41 29 70 37 19 17 26 Ot) 43 14 OuDa uo 0000 uO C33 6 u 5 3190 36 3124 32 2166 23 1f t 2 3 2 1 Do lL 10 Oo 9 t) 13 ('134; VA OS 1 't .. ... ~ o (j C:j ,.. v _ ·v 1 25 17 30 3j03 49 3d '55 46 3461 44 17 0 r3 2.. 7 0740 15 010'. 03 02'!2 08 OG CO u 2 2601 32 4642 54 23 80 L9 4 303 5 6 2587 29 139 2 ..,~ C74) 14 0 6 41 12 CU CJ 0 L~ 3 4280 47 3042 37 4661 5 2 3 3 61 43 2171 ::> 1 1454 ~c 0 3 15 11 Ou Q6 12 CG CJ v 4 3090 41 16 89 31 283 7 44 1)92 46 1 L, 1 b 40 OJ9\) £C 1) 0 1 .;. 23 06'3 6 33 C0 CO 0 5 3385 33 3052 37 3327 .35 2760 36 l U36 2 6 1;)4 6 25 OS?:" 1 (. Ob ,Q5 13 () 7 3 ·~ 2 1 3615 44 30 15 38 46 80 63 3 :) 21 j 4 II 76 LO 0597 U9 0312 07 G140 G4 1262 2 2 2771 33 4317 61 62 0, 73 32 10 34 206 7 3 2 CJ82 22 10 7g 17 13C) 9 2R 1311 .... 3 4114 L 46 424<3 49 49 73 ;) 1 4 093 - 5 0 20 6U 29 0683 14 0569 13 0960 17 08 C 1 1 4 3142 33 4070 54 4"77 51 46 69 5 2 1 92 8 L3 C56 9 12 C2 11 (j') 101 6 24 0220 0 5 3730 46 ~438 58 6110 613 3 5 76" 46 1b 95 28 0607 1 1 10 66 18 144'1 29 0000 0 
* Variates in column order are blocks, fertilisation (1 = Scottish; 
2 = Jensen; 3 = ~ Chemicult), media (1 = small bark; 2 = large 
bark; 3 = sawdust; 4 = sand : Peat; 5 = perl ite), total fruit 
mass (g) (4 plants) and No. fruit (4 plants) respectively on trusses 
1,2,3,4,5,6,7,8,9 
AP PE NDIX TAB LE 25 Analys i s of Variance for Exper iment 14 
Sou r ce of OF Variation Number of Frui t on Truss 
I 1 2 3 4 5 6 7 8 9 1 x10' 
8locks 3 1,5 5, 2 4,1 2 ,7 5. 4 7,5 16,7 11 ,9 1 12 ,9 9,6 
Fert . 2 16,5'31,4 88,2 ' , 77 ,3" 40 ,6'21,5" 11,3" 7,5 
I 
8 ,0 I 1,0 
I 
E:- ro r (a ) 6 3,0 9,5 11 ,5 5,2 5,5 1,5 1,9 
12"1'0., 3,3 
Media 4 0 , 4 4,2 9,2 27,4-- 14 ,4i 2, 6 I ,D 6 ,6 I 7,3 0 ,4 
7,81 13 ,9 
i 
F.M 8 4 ,6 4,9 6,0 8 ,8 8,8 3,7 5,6 4 ., I , f 
Erro r (b ) 36 2.4 4.3 5,0 6,1 4,9 2,0 3,5 1 4,9 1 7,6 2,9 
CV % 15 ,9 20,6 19 ,6 22,9 29 ,9
1
28,6 43 ,9 50,7 127 , i 18,3 
'---- ~ --- - - I I 
~~. S. 
Yi e l d en Truss (kg ) 
2 3 x~O' I 5 6 x10 ' x10' ,,1O' x10" 
0,4 8 ,5 2,3 5,1 . 4,zl 
11,8 50,Z' 53,9" 10 ,7 ! ~ ." I I J.,.L 
la,S 8,0 3,6 3,1 0,5 
4,9 6 ,3 25,1' , 11,8" • 1,4 
3,3 6,7 8,5 3,9 I , i 
3,4 5 ,0 4,9 2,5 1,0 
21 ,1 23,0 25,4 31 ,4 35,2 
I 
7 8 9 
x10' x10' x10" 
8 ,3 I 3,0 1, 7 
4,2" 4,4 0 ,8 I 
0 ,3 2, 7 3,0 
0 ,5 2,9 , 1,2 
1,8 2,3 3,9 
0 ,9 1,5 1,8 
I 
4Z,2 ,,54,8 f29 ,3 
--
Total Total No: 
Yield Frui t 
x10 s x10 
10,5 11,4 
84 ,9" 186 ,5u 
6 ,0 6 ,1 
11 ,1" 7,7 
8 ,3 10 ,3 
4 ,1 6 ,1 
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6.23 
(1 = Guernsey; ® ' 2 = Jensen; 3 = Chemicult), media 
2 = pine (1 = mushroom compost; 
bark; 3 = milo; 4 = sand:local peat; 5 = old sand:peat), no fruit, 
yield (9 plant-l), mean fruit mass (9), per cent. class 1, class 2, ~ 
class 3~ class 4~ mean fruit diameter (cm) class 1. class 2. class 3. 
class 4 
228 ' 
APPENDIX TABLE 27 Analysis of Variance for Exoeriment 15 
,-
Mean ~1. S. Source of DF No. Yield Fruit PER CENT. Variation Fruit Mass Class 1 Class 2 Class 3 
xl0 s x10 3 xlO xlO 
Blocks 3 1,3 19,9 33,5 15,9 55,8 17,2 , 
Fert. 2 58,2** 220,6** 24,4 39,8 59,8 7,4 
Error(a) 6 1,3 15,9 10,6 54,7 19,9 8,0 
Media 4 2,4 15,0 7,4 7,9 64,1 15,3 
F.M , 8 1,1 3,9 0,5 17,4 2,3 16,1 
I 
Error(b) 36 0,7 4,1 4,1 26,3 22,1 12,2 
I 
CV % 17,0 19,8 9,6 130,3 56,9 30,8 
I 




I 45,4 9,8 I 
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TU NNEL GRO\NN 
1V1IXTU RES FOR 
TOMATOES 
I.E. SMITH. P.F. WH ITFIELD. M.J . SAVAGE & A . CASS 
DEPARTMENTS OF HORTICULTURAL SCIENCE AND SOIL SCIENCE AND AGROMETEOROLOGY. 
UNIVERSITY OF NATAL. PIETERMARITZBURG 
ABSTRACT 
The effects of growing tunnel tomatoes in ei9ht different growing media were rccorded i or two times of plantl:'1g in late summer at Pieter-
1aritzburg. 
Plants experiencing coc>ier conditions during their growth {Jeriod had 8 slower gfllwth rate and yielded Jess. 
Mixtures containing peat moss generally yielded higher than others. and had il lowel pH. Those containing vellnlcuit"te and per/ilt'. both 
'ood insulators, experienCEd smaller temperature f/uctuatiol,s. Although lIalini t ;' Ii'vels wt:le high, no rela tionship betw~t::n the salinity k:vels in a 
'lfx ture and yield could be found. 
The size and extent of the roo t sysftJm in the pot depended on the water holding capacity (If the ml1dium. willi Ihe most branched root 
ystem being in tile Sand i'IOlle. 
INTRODUCTION 
One of the eiJrl;est hydroponically orientated tunnel systems 
J ld in Seut~1 /'.fric~ :ncorper:l :ud tr.c u:c of ·.'err11 ;c:u!l tc ?<; the pel :;ng 
lixturo. The inherently hiUh pH of tile local product. Jnd it s 10:. o f 
Iructure with u~e resu!tll tJ In nutrient In lbn!ance pro b! em~ in c t" ~ ;Jin 
,rcumstances . and costly rc pleni~hmcnt altcr each crop respec tively . 
A tr ial was {:stilIJ lish t:o at the UniverSity of Natill In Plcterma · 
Ilburg. to lest the suitahlli t,t o f other commer CI.Jlly ilv,IIIJble pottlnq 
lixtures for tomato [lI ()d u<1 !1 0 11 . rtlf! re sults (iI~Cu s~fl(J IH)rO ,l im 10 
resent the advantages iJnd disadvantages of eilch to the grower. 
oting (Jt the samu tllnc that cost and rll llSCabillty are of [)rImo irn-
ortilnce. besides Iho fact lliJt optimum growth and yiold must be ob-
lined. 
PROCEDURE 
ThO !rial was carned (,ut In a ' ~ma ll ' 1!J x urn t ll nnel III whi (;h 
lerc situated 3 double row!. nf hlilck plas tic pots ilt the lecommendoo 
Jacing for tomatoes. 
The different pott ing mi xt ures w ere foci daily with (J commer-
ially aVilll<1ble nutrient soi ll tion such th:11 each P0t rnceivod i'J lowl of 
.5 g of nutrient mixture [)(J r litre of wat er per day. 
The solution wa5 ilpplied to each pot through microtubes. anti 
Hl daily application w as fT\.lde by \lIVing holf the amount at 8 a. m. 
, d hal f at 2 p.nl. Th2 amoun t applied w as such thilt excess solu tior, 
ways drained Irom the bottom o f the pots . 
The tomato plants of the variety 'HOTSET were grown. trel-
;ed, pruned. pollinated and sprayed accord ing to normal tunnel stan-
?rds. 
The number of fru it and frU it mass were recorded for edch 
uss as the fruit matured. alld tile figures shown repr esent the mar-
~ 18bJe yield. 
For one month during mid-winter th!! temperatures of the <l if-
rent mi xtures in pots in tt-e centre row of the tunnel were recorded . 
At monthly intervals samples were taken to test wh!lther salt 
Jiid-up (salinity) was occurring. and the mixtures were tested for sa-
lity at the start and end of the trial. 
The main Ireatments were: 
Two times of planting 
16.2.78 - se that :he pi;;nts grew and set some fruit during 
warmer temperaturc conditions . 
9.3.78 - so that the ~Iani s e~llcrienced cold w;ntol tempera · 
tures ead\, en in their growth. but werc stil! Yielding during 
warmer spr:ng temperatures . 
wLlsproduksie/Crop Produ ction Vol. VIII 1979 
Both of these planting dates were such th ilt I'uit was being harvested 
duriny the higher priced period of the year Of! the Durban dnd Pieter-
maritzblJrg malkets. 
2. Eigh ~ po ttin] n~ixtur\)s 
1. Vcr miculito 
2. Po,ltte 
3. Urngoni River Sand 
4, Pe.,t mO~$ : Vermicullto 1 
5. Pca t moss: S3nd :2 
6. P'!i1 t rnoss : Sand 1 :3 
7. Pea t moss : Perlite 1 : 1 
8. Peat moss : Polystyrono 1 : 1 
"lIHl poa ; n OSS wa~ fr(ln1 d South Af ri can ource. 
RESUl.TS AND DISCUSSION 
1. Plllnt growth 
At thc first time of rlanting the fas test grow th occurrcd in the 
peat : vermicul ite treil lment (Figure: 11. All other treatments had the 
s(J mc ~l' owth rate as the vermicu!i to treatment shown. At the second 
timp. of planting there W'j$ no difielonell Oetwep.n treatments, but Fi-
gw" 1 ~ho'lJs that the growth was :;Iower than ill the fil st planting, as 
these plants experienced cold w inter temperatu res ea rlier in their de-
velopment. 
2. Yiold 
a) Total yield. Figure 2 shows that the average yield (mean of 
the two planting dates was l o.,.vc~t for vermiculite alld highest for peat 
: vermi(;ulite und peot : sand (1 : 3), In fact all mi;;tures with peat 
resulted in higher yields than any single medium. 
It must be noted that only five trusses were included in the 
yield figures due to the size of the tunnel. . 
In all cases. except vermiculite. the fir st plant;ng yielded higher 
than the second planting. This .!'cnd was ci1 t:sed by a reduced fruit 
mass in the second planting (Figure 4). ;Hobably due to poorer pol· 
linatiol\ dlJ flng Ihe cooler w inter period . 
b) Components of yield. The mean fruit mass decreased sharply 
wi l h increa~ing tr uss number (Figure 3). and the fruit hilrJested near 
the end ot th'; t ' ial wen! about half the size of those which were first 
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~ 15 · , 
o 1st PLANTING 16-2-78 
La 2nd PLANTING 9-3-76 
In the fl1st planting. vermiculite tended to result in the largest 
fruit IFigure 31 ellen though it y,elded the lowest. This was because 
there were fewer fruit per truss , All other treatments tended to pro-
duce fruit of a similar size . 
, In order to determine whether the decline in mean fruit mass 
up the plant was related to the number of fluit per truss these two lIa-
riables were plolted together in Figure 4 using the means for all treat -
ments . 
The number of fruit per truss remained relatillely constant up 
the plant but the Inass declined with increasing truss number . 
Figure 5 shows that oller 80 per cent of the fruit was harvested 
within 23 weeks from planting. and that the remaining 20 per cent. 
which was all small fruit. was harllested oller the last w eek. 
Depending on market prices and demand. growe's would halle 
to decide whether i, would be worth delaying harvesting for 8 weeks. 
at the expense of establishing a new crop in the tunnel . or whP.ther all 
the remaining fru it should be stripped and ripened artificially. 
In summary it can be seen that the highest yields were for the 
peat : vermiculite or peat : sand mixtures . 
In order to explain the differences in Yield. other characteristics 
of the potting mixtures need to be examined . 
3. pH 
Monthly pH measurements wcre made of the vlater and the 
different mixtures (Figure 61. The water IOnded to be alkaiine ( ± pH 8) 
except at the end when a pH of 6 was recorded . 
The nutrient mixture had an ac,difYlOg effect on tho water and 




2: Total yield of markotable fruit 011 two clifferllnt pfan-
ting datell for eight different potting mixtures 
F!G. 2: . Tota/a opbrengs VB!! bemarkbara vrugte op twee ver-
skiflende p/antingsdatums vir agt verski/lende potmengse/s 
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Truss No . / Tros No. 
3. 3: The offect of t russ no . on mOlln fruit mass por truss 
The pH of the vermiculite was initially 8, but with constant 
!tering it assumed the pH of the nutrient solution. SimilJrly perli te 
d a pH 7 to start with, but 500n changed to the pH of tho nutrient 
lution. The Umgeni river sand maintained a pH of 6 throughout the 
31. 
The acidity of the peat was dominant in all the mixtures, and 
:lst peat mixtures had a pH of between 4 and 5. 
It was notable that the two highest yielding mixtures main· 
ined a pH in the region of 5. 
Temperature 
The pot temperatures of the diHerent mixtures are shown for a 
·-hour period in two different climatic situations: 
A sunny clear day and the following night (Figu re 7) 
For the period shown, outside air temperatures were closer to 
Cat 6 a.m . in the morning, and reached a maximum of 20°C at 2 
m. in the afternoon. The temperature climbed sharply between 8 
n. and 10 a.m. and dropped off sharply between 4 p .m . and 8 D.m. 
The air len,r,eratures inside the tunnel rose sharply with the in-
~ase in outside air temperature, but climbed to a hioher maximum at 
°C. Th6 tunnel cooled faster thJn !he outside air between 3 p .m . 
d 6 p.m., but thereafter the ratc of cooling slowed down so that the 
nnel was 3°C warmer during the coldest time (6 'I. m.1. 
Pots with vermiculite tended !o remain the warmest at night, 
)!ch is indicative of the insulat''1e character of vermic"lite. Thlls the 
'at: vermiculite mixture did not heat up to the highest temperature 
3wasproduksie/Crop Production Vol. VIII 1979 
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riG. 3: Uitworking van tros no. op gem/dds/de tros-vrugte 
mlJsso 
during the day, but was the warmest at night. Tho peat: sand (1 : 3) 
mixture became hottest during the day (15° C), but cooled to a greater 
extent at night. 
For some unaccountablfl reason the peat: polystyrene mixture 
became very cool at night. 
b) A cloudy night end the following day 
Under cloudy conditions less radiational cooling takes place. 
Thus the air and pot temperatures remained relatively warmer Ilt night 
under these conditions (Figure 8) . 
It was, however, still noticeable Inot the peat : vermiculite mix-
ture remainod the warmest during the night period and the peat: poly-
styrene the coldest . Ai! other treatmonts had temperatures between 
these two extremes. 
In terms of temperature the two highest yielding treatments 
tended to have the highest pot temperatures (peat : sand during the 
day and peat : vermiculite at nightl. 
5. Salinity build up 
Salinity (measured as the total amounts of Ca, Mg and Na in 
the mixtures) was measured at the beginning and end of the trial (Fi-
gure 9) and tho treatments ratod according to increasing mean levels. 
The lowest salinity levels w ere found in the peat : vermiculite 
mixture, which gave the highest fruit yield, the highest salinity leve(s 
were found in the peat: !<and (1 : 31 which yielded well, and the vermi-
culite which yielded poorly. Ove'ail no definite relationship existed 




































:IG . 4: Relation ship b otween no . of fruit and the mean fru i t 
m ass per truss 
'/G. 4: Vorwantsk ap tllsson no . vrugttJ tm g emic/dolde vrugto 
massa op 'n tros 
It was noticcJblc. howcver. tha I Ihl!!!! had becn a bUild up III 
alini l y h Oln Ihe s\cl rt to Ihe f!nd o f Iht! trl" l, to Ip.vr ls whIch o lhr r 
lorkers 11\11"" s U Hoff man, 1977) h,lve rr.porlCd res" lwd In yielel rl' 
uc tions, as shown in Flourc 9 . Further res".Irch is beong undertaKen 
) study this aspect more cmic"lIy . as II r.ou ld become a prohlenl 
'here a growl h medlufll is used for conseculive crops. 
A lew suyoestions as 10 how to aVOid sa linlly budd-up may bl! 
Jpropro cl lc el t this slilge : 
It is appalenlly bellC! 10 over-w aler w ith each nu tlient applo 
ca tion so Ihat some ~o l u t ion drains Ihrough Ihe pots. 
1Holes should be mJcl e in the bOltom o f PO lS (alld not 2,5 cm 
fl om Ihe bJsel 10 prevellt hi\jh concc lI l. al iolls o f salts bu ddlllg 
up in the w ater usually found in the bases o f pO lS. 
The pots should be Ilushed wit h pure wa ter once a week . 
At the end o f a crop 10 li tres of w ater should be ru n through 
each pot . 
Potting mixtures should be tested for salinity at the end o f each 
crop . 
Obse rvations on the root systems of pIa rots grown 
in the d i fferent mixtures 
At the end of the trial, pots from each trea tment w ere opened 
and the root systems examined by w ashing off all the media. 
In general, the siw of the roo t system w as r~ l a ted 10 the w ater 
ling capilcity o( the pOlling mixture. Thus peat and vermicu li te 
"led to result in smaller root systems confined to tlte cen trd l part of 
po\. 
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Weeks fr om r lafl l!/)Il ' \'Y~k l' 11.' f ¥,,,,rmg 
Jl 
FIG . 5: The accumulated total amount of fruit picked during 
the hiHvllst period Dt the f i rst pl ilnting 
FIG. 5: Toontlfnendo rorl/il l vfIIg to gflpluk (Is l e planting) 
<Ilone. The roo t systems in th" silnd ilnd 1'",11 IlIlXllJI f!S rlcpr" HI" d o n 
HIe J!'nount of sand in the nllx ture, bU I w ere 110 1 as I,Hqc .IS Ihose In 
the Sil l)( ; alonc . 
In most pott ing mixtures tile roots wl 'r e drSlllhutcrJ cvcll ly 
t1 uouyhout the pot. In perli te, however. a leHY!! per centdyl! w ere SII ' 
uJ led (It the top of tlte pot. 
It would appear. therelore , Ihu l Ihl! Slle ilnrl r!xtenl 01 bran-
chillg of the rOll t sys tem depends en how rlrllicull II I ~ for Ihe roots to 
oblain w ater. III the sa nd rnc(lium . w ltrch was wdl d rdoncd and held 
lit tle w atcr , an I !x te n ~ ive root syslem Ii.!vclop.)d Roo l pr olif crilllOIlS 
would depend on the dally w dter ing fr eql lt!ncy u f Ihe pot!rng mixture 
In question . 
CONCLUSIONS 
In considering the charac teristics of the different pott ing mix-
tures. yield is the main factor to be conSidered affec ting Ihe growers ' 
income. Whi lst all mixtures resulted in relatively simdar yields , there 
w as a tendency for peat : vermicul ite and peat : sand mixture to result 
in the highest yields. These la tter tw o mi xllIres also have the property 
of reuseability, w hich reduces on ihe cost of reestablishing each 
season where applicable. 
Table 1 shows tha t the sand and local peil t mixtures are far less 
expensive than any of the othe;!; a: presen t. Growers may be justified 
in having a high init ial cost if the medium can be used for several 
seasons, and the yield is cefinitely higher. However, on the evidence 
ava ilable the sand : local peat mi ~ture JPpears to be the most 
economical . 
Apart from yield and COSt, it appearG that tlte other main con-
trrbuting factors to the suitabil ilY of a mixture are the water holding 
Gewasproduksie/ Crop Production Vol. Viii 1979 
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=IG . 6: The change In pH of the different potting mixtures 
with time 















1 ; .. : . 
I: 
" :. ,. 
.'  
... ~Peal & Vermiculite / Turf ~n VtJrm,kul,., 
t- ... Peal & Perille! Turf & Pc,hel 
~PC.I & Sand 1 : 3! Turf & Sand 1 :3 
~ Pea l & Polyslyrene! Turf & PO!yjrv,en~ 
.. .... AIr Inside tunnell Tonllcllugtemp . 
• •••• Air outside I Temp . bultt 
10 12 . 14 16 16 20 22 24 2 4 6 
Time of day nighl Tyd dag / flag 
FIG. 7: Potting mixture and air temps . during a sunny day and 
the following night 
FIG. 7: Potmengsel en lugtemperatuur gedurende onbewolk-
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FIG . 9: Salinity levels in the different potting mixtures at the 
start and end of the trial 
FIG. 9: Soulkonsentrasies in varskillende potmengsels 
by begin en vo!tooiing van proef 
Cilpaclty and acrilhon . III this resnect iln Important r.h,Hactem,I\C 
woulel be whether Ihe plants would reqUIre waltHII1Il OllCr. per d.ry . 01 
more often as most !Jrowl"s pract ice. 
Also the pH IS Importanl and in thl~ Illal mixtuJl)s with il pH of 5 
resulted in the hest Ylel(ls. which IS conslstelll with oth.,r ..... ork"rs · frn 
din!Js IWa!liham. Sharpless !:t Pointy, 19771. 
The temperature of the mixture can also play iI part. espt!clitlly 
during cold winter pellods . 
TABLE 1: Cost of the main ingredients i1nd different combi · 
nations of potting mixtures 
Material 
1 .. Irish Peat 
2. Local Peat 
3. Vermiculite 




2 " 311 : 1) 
5 .. 212: 11 
5 + 2 13 : 11 
2 + 411 11 
























Frnally. a factor which Will her.oml' Impor"'nt Wllh cons"'"t rP. 
lise of a mixturE' I~ tl", salinrty hUlld un ;m!! prcciluilOllS shoul(1 be 
taken to ensure thilt thl5 docs not OCCIII . 
OPSOMMING 
POTENSIELE POTMENGSElS VIR TONNEL TAMATIES 
Oie invloed van aut pOlinell!Jsel~. en twt!e plantings datums 
gedurcnde die laat somer in P,cwrmarrtzlJur!l. was ql!loets . 
Stadlgcr ontwlkkehng en lacr produkslc. van plante wat qedu · 
rende die koeler pellode van dIe ,,,ar ontwlkkt'i het. was g(!vind . 
Mengsels waann turf cen van die hes:anddt:le was. het die 
groo,slC ues en l<lagst.! pH rnr.lin!J hewys . DII! lIlen\I,;cls witarin ver 
mikuhet en perh,!t l1estanddele was. het Incr temper<ltlhll wisselin!J 
bewys. Alhoewt!1 sout kon$(:JItrasies hoog WJS . W;iS claar ~'f!en ver · 
wantskilp met p.oduksie gcvi:ld flie . 
Die grootheld v.1n die wort~1 sis teem ,·.as ;Jan die mensei se 
watcrhouvermo, · verbilnd Ow groot$te wortd sistecm was if' die al 
leenlik s,lnd medIum yevind . 
nEfERENCES 
MAAS.E .V. & HOFFMAN.G .T .. 1977 Crupsillitnlt!rancc cur 
rent (tsscssmcnt. J. IffI(J . Of<7lll.1ge O/V. 103. \ 15 134. 
WALLIHAM . E.F .. SHt,RPLESS. R.G !J POINTY. W .L. Effect of 
pH on yielcf ;1Il<.! lea f CUlnpOSltlon 011 hydroponIc tomatoes. 
HOf' Sci. 12141.316 · 317 . 
RADIATION ENVIRONMENT OF TUNNEL GROWN THE 
TOMATOES: ROW SPACING AND POT VOLUME 
EFFECTS 
M .J. SAVAGE & I.E. SMITHI 
DEPARTMENT OF SOIL SCIENCE AND AGROMETEOROLOGY. UNIVERSITY OF NATAL. PIETERMARITZBURG. NATAL. 3201 
ABSTRACT 
The use of plastic tunnels makes it possible to modify the crop microclimate for marginal areas. The radiation environment of an east-west tunnel 
was investigated for a winter tomato crop. 
Solar irradiance of foliage is an important factor affecting the photosynthetic process in a plant canopy. For close and intermediate spacing 
where competition occurs, the diurnal curves of "radiance in the upper layers of the canopy are characteristically M-shaped because a greater 
amount of short wave radia tion is absorbed an flour or so before and after local noon than at solar noon. 
The close spaced plants absorbed more than 35 % of the incident daily radiant density in the 900 to T 200 mm layer. For wide spaced plants 
this amount was 20 to 40 % for the lowest layer. In the former case, the yield per plant was lower but the yield per unit area was much greater than 
tile latler (wide spacing). 
Pot volume was shown to affect the radiant energy utilization for the intermediate and far spacing treatments. 
INTRODUCTION 
The energy crisis has prompted consicJer;rtion of ways of achieving 
maximal agricul tural production per unit of energy instead of land orea 
(Bockhurst , 1976), The pl ~s tic tunnel serves to protect crops in mar-
ginal areas (for example. in frost prone areas) so that large solar 
energy inputs generally available can be more efficiently utilized 
(Hanan. Holley & Goldsberry, 1978), In fact. for most parts of South 
Africa. favourably large winter insolation values together with un-
favourilbly low night time air temperatures are the main climatic 
reasons for the rapidly expanding greenhouse industry. Other reasons 
such as wind and rain protection are contributory . 
Spectral transmission properties of glass and plastic shells in 
the design of greenhouses ilre vital to the radiation environment of 
greenhouse-grown crops (Dilmagnez. 1976) . Basiaux. Deltour & 
Nisen (1973) justified the semi-cylindrical shape of the plastic tunnel 
type of greenhouse . They concluded that this shape, when orien-
tated cast-west captures and trnnsmits tire maximum amount of ra-
diant energy during the autumn equinox to the spring equinox . 
North (1979), North, De Jager & Allan 11978) and Savage 
(1880) investigated the environment inside a plastic tunnel in relmion 
to outside conditions but did not include radiation profile measure-
ments_ 
Rodriguez & Lambeth (1975) investigated the effect of dif-
ferent row spacings (which create different radiation environments) 
on the yield of greenhouse tomatoes_ They found that the widest 
spacing Itreatments gave the greatest yield per plant for natural and 
supplemented lighting. Examination of their data suggests however 
t~at the yi~ld per unit area is not always greatest for the widest row 
space. 
The question which now arises is whether the measurement of 
the radiation environment will provide useful guidelines for deter-
mining the optimum number of plants per unit area for maximum yield 
per unit area. Effects of spacing on yield of tunnel-grown tomatoes 
are discussed by ~mith & Richards (1980). 
The aim of this study is to investigate the radiation environ-
ment of a plastic tunnel with a view to explaining observed effects of 
row space on crop yield on the basis of the radiation profiles within 
the plastic tunnel. 
TERMINOLOGY 
Terminology here is adapted from Savage (1978; 1979a, b). 
Irradiance. foliage irradiance or radiant flux density (W mol) is 
the total (short wave and long wave) radiant energy received per unit 
area per unit time. 
Short wave radiation is a term used for radiation with wave-
lengths between 300 and 3000 nm (Rosenbf)rg. 1974), Long wave 
rad iation is a term used for radiation with wavelengths between 3 000 
and 60 000 nm_ 
Total radiant density (J mol) is the radiant energy received per 
unit area . Over a given dJY. the total radiant density is defined as 1,,1 dt 
where I is the irradiance. t is the time and I" indicates an integration 
over the daylength D. 
Photosynthetically active radiation is that radiation w ith wave-
lengths between about 380 and 720 nm which produces a photosyn-
thet ic response. 
PROCEDURE 
The radiation profile measurements were performed over a five week 
period . Details of the tunnol (orientated east-west) are given by 
Smith, Whitfield, Savage & Cass (1979) and the experimental design 
by Smith & Richards (1980), Radiation measurements were obtained 
using a Weather Measure" line pyranometer commonly referred to 
as a tube solarimeter. The copper-constantan thermopile of the 
pyranometer is 200 mm long. The entire detector assembly is housed 
in a glass tube and hence is ideal for the measurement of radiation of 
short wavelengths as glass is opaque to long wavelength radiation 
(Dubois, 1978; Kubin 19711. The instrument was factory calibrated 
against a source traceable to an American National Standard . A 
microvoltmeter was used to measure the voltage output from the 
pyranometer_ On the day of measurement, radiation readings were 
obtained at each hour from 08hOO to 16hOO, inclusive. 
A radiation profile for each treatment was obtained by placing 
a pyranometer in an east-west direction between the crop double row. 
There were three double rows, the profiles being measured in the mid-
dle row . Heights of measurement above the pot surfaces were 300 
mm, 600 mm, 900 mm, etc ., up to crop height. The outside tunnel 
radiation was measured at the beginning and end of each set of hourly 
readings_ On a given day, nearly 400 rad iation measurements were ob-
tained, but this varied depending on the height of the crop . Care was 
taken to ensure that the pyranometer was levelled before each mea-
surement. Six different treatments were chosen (treatments A to F). 
and the details of these are shown in Table 1_ 
IDepartment of Horticultural Science, University of Natal, Pietermaritzburg, Natal 
""The mention of proprietary products is for the convenience of the 
reader and does not constitute endorsement, or otherwise, by the 
authors or the University of Natal. 
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TABLE 1: The details of the six treatments 
TABEL 1: Die besonderhede van die ses behandelings 
Treatment Inter-row Inter-plant Pot volume 
spacing spacing 
Behandcling Tussen-ry Tussen-plant Pot volume 
spasiiiring spasiiiring 
(mm) (mm) (fi 
A 300 400 10 
B 300 400 16 
C 600 400 16 
0 600 400 10 
E 300 200 16 
F 300 200 10 
RESULTS AND DISCUSSION 
Figure 1 shows typical three dimensional graphti of irradiance 
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FIG_ 1: Irradiance as a function of local time for the various 
layers for treatm ent Band D. for 16 and 2 May respectively 
FIG_ 1: Uitstraling as 'n funksie van plaaslike tyd vir die ver-
skeie lae van behandefings 8 vir 16 en D vir 2 Mei 
(16 May) and treatment 0 (2 May!. In the latter case. the crop had 
grown to a height of about 1.2 m and the former to a height of 1.5 m . 
Of interest is that for the upper layers of the closely spaced 
rows (Fig . 10) where competitiun occurs, maximum irradiance does 
not occur at solar noon, but rather an hour or so before lind after solar 
noon . In this case then. the diurnal radiation profiles for the upp~r 
layers are characteristically M-shaped. Generally then. for the closeiy 
spaced rows, a three dimensional graph as shown in Fig. 1a has a 
V-shape. where the base of the Y is due to radiant energy intercepted 
by the lower leaves and the arms of the Yare due to the M-shape in 
224 
the diurnal radiation profile of the upper leaves. In the case of the 
widely spaced rows where little competition occurs. maximum irra-
diance at any level is generally at solar noon (Fig _ 1b). 
The daily radiant density (U m-2) was calculated by integrating 
the irradiance curves from 08hOO to 16hOO. for each treatment. The 
crop canopy was divided into layors (layer 1 is 0 to 300 mm; layer 2 is 
300 to 600 mm. etc.) and the daily radiant density calculated . Figure 2 
shows the daily radiant density adsorbed by each layer for 2. 9 16 and 
23 May 1979 for treatments A to F inclusive. As shown. in some 
,\.'W~ lJ'WI(. 
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FIG. 2: The rndiant density absorbed by the different layer.~ 
for various trcatmonts liS 8 {unction of tima 
FIG. 2: Dia stfillingsdiytlroir/ gcabsorbeer deur die ver-
skifl811do Ino vir vorskeie bohllndo/il/!]n liS 'n funksit' van ,yd 
cases the upper layers absorbud 1110St o( tho radiant energy (treal -
ments B, E Clnd Fl. but for other tr eatmonts (0 (I. D) the lowest layers 
absorlJed signilicant amoun ts. Hunce for treatments B. E and F. the 
pl~nts would have a large leaf iH!!i.l index for the upper leaves but " 
small index for tho lower leaves. The reverse would oc.:ur for tre,), 
1110nt D . In terlllS of yield then. this would result in "top-" :)1'1(1 
"bottom·heavy" piililts resp!'ctively . Hichards (1979) noted ::;i1t 
treatments E and F had the hinhest number of spindly plants. Tieat -
ments /I. and C h;:;ci thn l11(1st uniform 'ilbsorbedl radiant density pro . 
filo. 
With rt:gllrd to the rlldi iln t densi ty absorbed hy layer 6 (for all 
treatments) on 23 MlIY. the cro;") h;:d not grown to the height of 1 SOO 
mm. so that there was not much absorption. ;]S Fig. 2 shows. The 
compilrisons of the hislO[lr<lJns of Fig. 2 can be misleading since the 
area of eilch his togram may not be the same. Hence. hom these data. 
the percentage of tho daily r"d i~ nt density (incident ill the top of the 
canopy) absorbed hy each layer was cnlculiHed, (or each treatment. 
as shown ill 1 able 2. For treatments E and F. the most closely spaced 
plants. 50 % of the daily radiant density was <Ibsorbed by the upper-
most layer (4) in the first week (2 M:ly). Less than 10 % vIas absorbed 
by layer 1. For the 23 May the percen tage absorbed by layer 1 was 20 
% and layer 5 ;Jhsorbed less than 35 % . It would seem that for the 
closely spaced plants, the percentage absorbed by the upper layers 
are large and the lower small initially. uut in time . fhe OppOSite occurs. 
Photosynthesis would obviously be affected by this situation . 
The average percentage <lbsorlled by layer 1 of treatment D 
was 37 % . As far <!s photosynthesis is concerned, this is really wilstcd 
energy as most of this will eventually be absorbed by th e POl media . 
With regard to pot volume. there appears to be no efbct on 
the close spaced plants; aerial competition effects are more growth in-
hibiting then the pot volume effects in the case of these exceptionally 
close spacings. Use of the 16 t' pots (treJtments B and C) resulted in 
)oyer 1 absorbing less radi"nt energy Jnd layer 4 (or 5) absorbinn mc~e 
compared to the 10 r pots (treatments A and D) for the treatment pairs 
W,A) and (C . D) . The reason for thir. "is th zt possibly the larger Po! 
volumes did not inhibit growth whereas the smaller pots did. In the 
Idtter case, the plants were presumably smaller, allowing grea ter 
penetration of radiant energy and hence a greater amount absorbed 
by layer 1. 
The yield and the yield per unit area for the various treatments 
a,e depicted in Fig. 3. Treatments E and F ther., in spite cf absorbing 
about 50 % of the total incident radiant energy in the upper laYers had 
the greatest yield per unit area . This was also in spite of the fact that 
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TABLE 2: The percentage daily radiant density absorbed by the different layers for the various treatments for the dates indi\;ated 
TASEL 2: Die persentasie daaglikse stralingsdigtheid geabsorbeer deur die verskillende lae vir die verskeie behandelings vir die 
datums aangedui 
Layer / Laag Treatment / 8ehandeling 
A B C D E F 
2/5 9/516/523/5 2/5 9/5 16/523 /5 215 9/ 5 16 /523 / 5 2/5 9/516 /523 /5 215 9/5 16/523/5 2/5 9/516 /523 /5 
1 23 21 15 14 10 13 7 10 27 24 
2 28 36 12 10 12 11 7 17 18 16 
3 20 22 19 16 41 43 35 15 29 24 
4 29 21 21 26 37 33 14 16 26 36 
5 - - 33 10 - - 37 32 - -
6 - - - 24 - - - 10 - -
there were more spindly plants for these treatments . However, such a 
close spacing could be impractical due to difficulties with pest and 
disease control and cultural practices. Management aspects aside, 
treatments E and F are making the most efficient use of the radiant (; 
energy and are certainly recommended . 
FIG . 3Ial 
TREATMENT I BEHANDELING 
FIG. 3: (a) Total yield per plant for the various treatmen~s 
(after Richards, 1979, p .15)' (b) Total yield per unit area for the 
various treatments 




















































33 33 40 38 10 10 11 19 9 11 13 17 
22 6 26 9 15 12 14 10 10 12 13 10 
21 33 6 14 27 40 15 16 30 38 16 17 
24 28 10 13 48 38 20 15 51 39 16 13 
- - 18 19 - - 40 31 - - 42 28 
- - - 7 - - - 9 - - - 15 
Al B CI O El F 
TREATMENT I BEHANDELI NG 
(a) Totale opbrengs per plant vir die verskeie behan-
(na Richards, 1979, bl. 15). (b) Tottlle opbrengs per 
fIfInheidstlrea vir die verskeie behandelings 
OPSOMMING 
DIE STRALINGSOMGEWING VAN TONNEL.VERBOUDE 
TAMATIES: RY SPASIERING EN POT VOLUME EFFEKTE 
Vir die nou gespasieerde plante vroeg in die groeiseisoen, was meer as 
50 % van die invallende stralingsdigtheid deur die 900 tot 1 200 mm 
laag geabsorbeer. Minder as 10 % was deur die 0 tot 300 mm /aag 
geabsorbeer. 'n Aanta/ van die wyer gespasieerde behandelings (OJ 
het omtrent 37 % van die $tralingsdigtheid in die 0 tot 300 mm laag 
geabsorbeer (Fig. 2 en Tabel2J. 
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Die digte plentpopulasie fbehttndelinge E en FJ het laer op-
brengs per plant ill verge/yking met die wyer plantpopu/asie fbehttn-
delinge C en OJ en die aangedui in Fig. 3a IS. Maar in terme van totale 
opbrengs per eenheidsarea was behandeling E en F baie beter as C en 
D (Fig. 3bJ. Die digste plantpopu/asie is meer doeltreffend in die ge· 
bruit< van die invallende sonstralingsenergiee. 
Behalwe vir die digste plantpopulasie fbehandelinge E en FJ het 
die groter pot volume f 1611 tot gevolg gchad dat meer van die stra· 
lingsenergiee deur die hocr blare geabsorbeer is. in vergelyking met 
d ie 10 (pot volume. Gevolglik was die 16 f pot meer doeltreffend in die 
gebruik van die invallende sonstralingsenergiee. 
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THE 
ON 
EFFECT OF SPACING, AND VOLUME OF MEDIA 
GROWTH AND YIELD OF HYD'ROPONICALLY 
GROWN TUNNEL TOMATOES 
I.E. SMITH & T.M. RICHARDS 
DEPARTMENT OF HORTICULTURAL SCIENCE. UNIVERSITY OF NATAL. PIETERMARlTZBURG 
ABFRACT 
The continued disease problems in soil grown tomatoes in tunnels has necessitated further research into container growing techniques. Earlier trials 
at Pietermaritzburg established the superiority of sand:peat mixes in plastic containers. but up to now the optimum volume of mixture was not 
. determined. A trial was set up with tomatoes (cv Angela) to compare from 7 to 17 r of medium per plant. with a view to finding the optimum 
volume, especially for a module type container as used in Guernsey. At the same time the trial was arranged to determine the optimum. between 
and in row spacings. for plants in different volumes of mixture. 
The smallest volume of mix resulted in lower yields and smaller fruit size, and required more management in terms of watering frequency. 
There was little advantage in using the maximum volume of medium tested . 
.The different spacings resulted in different light interception patterns, and consequently yields, with the closest in row spacing resulting in 
the greatest reduction in yields per plant. 
The reduction in fruit size up the plant as normally experienced by growers was less marked in wider spacings and larger volumes of mix per 
plant. 
INTRODUCTION 
Hydroponics has become an important prcduction technique for tun· 
nel tomatoes in South Africa, and is especiaily favoured in Natal. Pre-
vious work at the University of Natal , Pielermaritzburg showed that a 
pot media of the three parts sand to one part local peat gave rise to 
high yields and was economical (Smith, Whitfield, Savilge & Cass, 
1!J79) . At Stellenbosch University straw bales and rockwool were 
shown to have good potential ior cucumbers and tomatoes respec-
tively (Marco, 19791. In a bed system (Harris, 1970) has preferred 
granite chips . 
With respect to containers most local growers have preferred a 
pol~1hene POl system. Many overseas (lfowers have turned to a mo-
dule. and this is especially the case in Guernsey (Moorat, 1979), where 
the preferred medium is peat. 
Under S.A . conditions no work has been carried out to deter-
mine the optimum volume of media required, a factor which can af-
fect yields and the cost of production . Moorat advises Guernsey 
growers to usc a 42 r module for 3 plants. 
Another important production factor with tomatoes is spacing. 
Maree & Laubscher 11978) found no significant difference in yield 
per plant if the in row spacing was 45 cm or 36 cm with a 1 m between 
row spacing. Rodriguez and Lambeth (1975), in North America 
recorded the highest yield per plant with a spacing of 51 x 41 cm, with 
a reduced yield at closer in row spacings. However the highest yield 
per unit area was with the 30 x 40 em spacing. 
This trial was therefore established to determine the optimum 
spacing for tomatoes under Natal conditions, and at the same time to 
determine the optimum volume of media required per plant, with a 
view to going over to a module system of growing in the future. 
PROCEDURE 
The trial was carried out in a 'small" 15 m x 6 m plastic tunnel, orien-
tated East-West, and situated close to the Faculty of Agriculture, Pie-
terf!laritzburg. The floor of the tunnel was ridged so as to provide rais-
ed pathways between the double rows of plants. The floor was 
covered with a dual coloured plastic (black to the floor and white up) 
for light reflection and weed control. 
Tomato seed (cv Angela) were sown in a loc<ll peat medium 
in seedling trays on 25.2.79 and transplanted into the pots in the tun-
nelon 13.3.79. 
The pots contained a 3 sand: 1 local peat media which was 
previously steri lized with formalin, and were ir~igated by spaghetti 
tubes attached to pipes from a 400 f asbestos cement tank. 
The plants were grown, trellised, pruned and sprayed accord-
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ing to normal tunnel standards. Initially each pot received 1 g of 
'Chemieult' dissolved in a litre of water per day. Ar first flowering the 
amount of chemicult was increased to 2 g i r'/ day and after the 3rd 
truss had flowered to 3 gff/day until the cnd of tho trial. 
The trial was laid out as a 2 x 2 factorial With split plots and 
three replications . There were 2 between row spacings (60 cm and 30 
em), and 2 in row spacings (40 cm and 20 cm) as the whole plot fac · 
tors, with four volumes of media i 17 f. 13 f. 10 f and 7 11 as the sub ·plot 
factor. Thero were four plants per subplOt. 
Records il1c1uded plant heigh., number of nodes to the fir st 
truss. height of the fitst truss, and the mass and number of fruit pet 
truss. Any fruit with a mass of less than 30 g was not weighed and re -
jected. The numher 01 flowers / truss was recorded in Rep. 2. 
Savage & Smith (1980) measured the radiation intensity at dif -
ferent levels in the canopy . 
RESULTS 
al Growth rate 
Fig. shows that the wider in row spacing of 40 em resulted in a 
slower growth rate than the close in row spacing . The between row 
spacing had little effect. Although there WilS no significant difference 
in growth rates between plants in the different pot volumes it was evi-
dent that the plants in the small pots were spindly. with long inler-
nodes, thin stems and small leaf area. 
b) Position of the first truss 
The number of nodes to the first truss varied from 8 to 10 with no sig-
nificant differences between treatments. 
The height to the first truss was significantly greater in the 
close in row spacing (20 cm) than in the wide in row spacing (Fig. 21. 
Between row spacing had no effect. 
Pot volume also significantly affected the height to the first 
truss, the height generally increasing as the pot volume decreased. 
This was especially the case at closer in row spacings (Fig. 2). 
..:) Yield 
The 40 em in row spacing produced a significantly greater mass of 
fruit per plant than the 20 cm in row spacing (Fig. 3i. Varying the bet-
ween row spacing had little effect on the yield (Fig. 31. 
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Pot volumes from 10 f upwards ~Jave significantly higher yields 
than tho 7 r pot volume (F i\] . 41. However , the optimum volume ap· 
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FIG . 4: Effect of pot volume on total yield per plant 
FIG. 4: Ui twerking van pot volume op totale opbrengs per 
pls.'lt 
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The interaction between the different spacings and pot 
volumes (Fig. 5) showed thaI the highest yield in ~II spaclngs~\.\la.s Wit: 
the 10 f pots. It was significant that at close In row spa"lr1gs th 
largest pots performed badly, and therefore, at thos~ spaclr1gs the~e 
was a disadvantage in using a large volume of medium . At most Ir1 
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FIG . 5: Effect of spacing and pot volume on yield per plant 
FIG. 5: Uitwerking van spasiering en pot volume op opbrengs 
per plant 
d) Total number of fruit per plant 
Plants in the 30 cm x 40 cm spacing produced significantly mere fruit 
than the other spacing c;ombinations (Fig. 6a), with the wider in row 
spacing resulting in an average of 5 fruit oer plant more than the close 
in row !.pc.c;ing. Between row spacing did not affect the number of 
fruit produced per plant. 
With respect to volume, the smallest volume tested resulted in 
fewer fluit per plant than the other volumes (Fig, 6b) . 
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FIG. 7: Effect of spacing on yield per truss 
FIG. 7: Uitwerking van spasiering op opbreTlgs per blomtros 
e) Mean fruit mass 
There was no difference in the overall mean fruit mass per plant. with 
the average fru it size in the trial being 76 g. 
f) Yield components of the individual trusses 
As usual there was a oecline in the yield per truss up the plant (Fig . 7) 
and this occurred in all treatments . . 
With respect to volume the lowest yield per truss wa~ alwavs In 
the 7 i' pots with lill!e difference between the other volumas (not 
shownl . 
The spacing effect. however . was notable . and is important. 
Fig . 7 shows that the yie lds were beller at higher trusses where the in 
row spacing was wider. 
As with the yield per truss. there was also a deciine in the 
number of fruit per truss up the plant in all treatments (Fig. 8), 
Again . it was significant. that at the wider in row spJcing the 
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FIG. 8: Effect of spacing on the number of fruit per truss 
FIG. 8: Uitwerking van spasiering op aantal vrugte per blom· 
tros 
The mean fruit mass of each consecutive truss decreased until 
the sixth truss. with a slight increase at the seventh truss (Fig. 91. This 
increase in fruit mass was attributed to beller pollination during the 
warmer weather in spring wh~n fruit set took place . 
The average size of the frui t on each truss was greater in the 40 
cm in row spacing. especially on the 3rd and 4th trusses . At higher 
trusses the close spacing treatments. v'/hich held the least number of 
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FIG . 9: Effoct of spacing on mean fruit ma~s per truss 
FIG. 9: Uitwerking Vll/J sposierilJg op yemidc/clcJe Vrtlgmilss,l 
por blomrros 
g) Number of flowers and percent fruit set per truss 
These counts were only made in the one replica te and therefore could 
not be analysed. The nllmber of fl owers per truss varied considerably 
and any trends w ere hard to define. In some treatments the 4th truss 
tended to produce the most flowers . The percentage of flowers which 
set and produced harvestable fruit (Fig . 10) decreased w ith incre<lsing 
truss nllmber. and was generally higher at the wider in-row spacillg. 
Generally then it cou ld be said that although the w ider spacing 
did not resul t in more fl owers per truss. each truss had a higher yield 
due to a higher percent fru it set and the fact that each fruit grew to a 
larger size. This difference was especially evident at the higher 
trusses. 
h) Radiant density 
Savage & Smith (19801 measured the rarliant density at different 
canopy heights within the different spacing arrangements in the trial. 
Fig. 11 shows that the top 30 em layer of the piants had 70 per cent 
available energy in the widc spacings. compared to 50 per cent in the 
close spacings. In the middle layer of leaves there was 45 per cen t 
energy avai lable in the wide spacings. but only 20 per cent in the close 
spacin ~Jg. At the lowest level (30 - 60 cm fro rn ground) nearly 30 per 
cent remained in the wide spacings. compared to only 10 per cent in 
the close spacings. 
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FIG. 10: Uitwerking VllfJ spasicring op % vmgteset per blom-
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FIG. 11 : % radiant energy available at different heights in the 
centre of double rows of tomatoes at different spacings (after 
Savage & Smith , 1980) 
FIG. 11: % beskikbare stralingsenergie by verskillende 
hoogtes in die middel van dubbe/I] rye tamaties met verskillen -
de spasierings (Savage & Smith, 1980) 
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DISCUSSION 
The wider in row spacing of 40 cm resulted in a slower growth ratc 
and reduced stem node length. At close spacings the faster growth 
rate and increased internode length resulted from competition for light 
with the plants having a spindly growth habit, this being most marked 
in 7 r pot volumes. The reduced amount of radiant energy in the close 
spacings is closely related to those of Harper, Pallas, Bruce & Jones 
(1979) working in Georgia, U.S.A. , who found that in 2 m tall plants 
about 15 to 25 per cent of available solar radiation was transmitted to 
the floor surfacc at spacings of -15 cm x 45 cm (2,5 plants / m2). The~ 
subsequently increased their plant populations to 3,3 plants / m2 with a 
far better radiation interception pattern. 
In our measurements 27 .per cent radiant energy reached thE 
lower canopy levels at a 60 x 40 cm spacing and 10 per cemt at a 30 x 
40 cm spacing . 
The plant growth characteristics in this trial are also similar to 
those of Kedar & Retig (1968; V/ho found that decreased light intensi · 
ty increased the internode length in tomiltoes. 
Rodri9uez & 'Lambeth (1975) recorded the highest per plant 
yield at a spacing of 51 x 41 cm , w ith a yield reduction as the in row 
spacing was reduced . In the present trial thp. highest per plant yield 
was at the 30 x 40 cm spacing , although this was not significantly 
greater than any of the other cornbinations . 
What was significant , however. was the higher yield of plants 
at wider in rovi spacing, sungesting that the in row spacing is the 
most critical factor . At wider in row spacings there was a more even 
distribution of rad iant energy throughout the canopy (Fig . 11) . 
whereas in the close in row sp,lcing too much ener9Y was absorbed 
by lhe upper layers. 
W ith respect to pot volumes t) ', e hiqhest per plant yield was 
recorded in the 10 I' pot volurnr.s. w ith apparently (Ilut not significant) 
lower yields at greater pot volumes , especially at close spacing ~. This 
finding cliffers from Moorat 's (1979) recornrnendation uf 13 r to Guern· 
sey growers . 
It would seem that under our environmental conditions the 
more restricted root volume in the 10,' of medium gnve rise to a bettcr 
balanced plnnt in tarms of ve!Jctativo nrowth and frlJlling. A possible 
reason for the lower yield In 11Ilgcr volumes of mr:diun1 was the plant 
became too vegctntive to thn detriment 01 Yield . 
Increased y;clds wele due to increased nllmbers of !flllt , 
especially at the higher trusses, rather than to an increase in fru it 
mass. This was especialiy nOliJulc at the wider in row spacing. and is 
an important consideration in hol pll1g to overcome the reduced y;elds 
at higher trusses which most growers experience. 
TABLE 1: Total number of plants and total yield in a 30 m x 8 
m tunnel with a 2 In door space 
Spacing Total number Plants per Total Yield to 
Between- In-row of plants m2 of tunnel 6 trusses (kg) 
row (em) (em) 
30 x 40 520 2.2 1953,0 
60 x 40 520 2,2 1914,4 
30 x 20 1040 4,3 3468,6 
60 x 20 1040 4,3 3254,4 
In spacing work it is not the optimum yield per plant that is im-
portant, rather the total yield per tunnel area. in conjunction with the 
required quality of the product . Table 1 shows the yields for the dif-
ferent spacing arrangements . Obviously at the closer spacings there 
would be twice as many plants per tunnel so the yields were far 
higher. Note that the yield is not double as the per plant yields were 
lower at the close spacings . 
It would seem therefore that at an in between plant population 
would be the best. This could be achieved by either 
al Using a 30 - 35 cm in row spacing on a 4 double row system 
to give 746 - 640 plants per tunnel, or 3,1 -- 2,7 plants / m2 
respectively, or 
245 
bl By using the 30 cm x 40 cm spacing but including an extra 
single row of plants on each side of the tunnel to give a popula -
tion of 640 plants/ tunnel (2,7/m2). Alternately a 5 double row 
system at the above spacing could be used - this would 
reduce the cost of the irrigation system. 
It is important to note that th is discussion only applies to plants 
with a restricted root system in a pot or other container . Soil grown 
plants may be more vegetative and would require a wider spacing . 
CONCLUSIONS 
It is evident that for maximum yield per plant a wider in row spacing 
was preferable, the between row spacing having little effect within the 
arrangemen ts tested. On a per tunnel basis the maximum yield 
resulted from close in row spacing due to the greater plant population. 
This spacing would however, provide problems in terms of manage-
ment practices, and pest and diseose comro!. 
In the author's opinion the optimurn spacing on a per plant 
basis would be approximately 35 cm x 35 cm, while on a per tunnel 
basis a 30 cm x 40 cm spacing with 5 double rows, or 4 double rows 
and single rows on the outside, to give 640 plants per 30 m tunnel 
would be a good system . 
The least pot volume th:.lt could sustilin good growth a'1d 
yields was 10 r, there being no advantage in increasina the amount of 
medium . The optimum volurne for a 3 plant module would therefor e 
be 30 1'. 
OPSOMMING 
DIE INVLOED VAN SPASIERING EN DIE VOLUME GROEI· 
MEDIA OP GROEI EN OPBRENGS VAN WA TERKUL TUUI1 
GEKWEEKTE TONNEL TAMA TIES 
Die Voor{(/Uff!nr/c voorkoms Vim siekles in grond.f/l?kwt'L'kre lumoties 
hel g(}nOf)d.~ailk rial verdt'm lIavorsi"g van lugllieke 011/ limltllies in 
plasliek·hou/:rs Ie kwc!!k, gello!!" moes word. I" vroeere proewe 
lIilgeVOf!r bV PIL'lerrnMil?Oury IS v(1sgeslcl 11M 'n sand:vL'cn .epoei· 
nmdwrn lIirers YL'sklk is, maar cfte optlmulII hoew'elileid per plitr>1 IS 
nO[J nie \' OlSgl.'S lel nie. 'n Prot'! IS mel tal1l.1IICS (ev AngC'laluitgc-voer 
wa,~rill vf.'rsA ,llc'lIde volumes yruI.'lfl1el1ium, Villi 7 lot 1/ (/p!nnt met 
mekaar vcrn r. lyk is met die doc I orn dre optirnum volume van 'n 
module, scori!Jelyk aan die wat rn Guernsey gebrurk worn, vas te SIC!. 
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Terselfderlyd is ook ondersoek wat die geskikste tussen- en in-ry spa-
siering 'Ian plante in die verskillende volumes groeimedium is. 
Die kleinste volume groeimedium het die laagste opbrengs en 
kleinste vrugte gelewer, die plante het ook meer aandag benodig om· 
dat hulle meer dikwels besproei moes word . Daar was weinig voordeel 
in die gebruik van die grootste houers. 
Die verskillende spasierings het verskillende ligonderskeppings-
patrone getoon, gevolglik het die nouste in-ry spasiering die grootste 
afname in opbrengs getoon. 
.\ 
Die voorkoms van kleiner vrugle hoer op teen die plant , wat 
gewoonlik deur kwekers ondervind was nie so opvallend by wyer 
spasiering en groter houer~ nie. 
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POT TEMPERATURE AS A FACTOR IN PLASTIC TONNEL CROP PRODUCTION 
M. J. SAVAGE and 1. E. SMITI-{l, Department of Soil Science and Agrometcorology, University of Natal, 
Pietermaritzburg, Natal 3201 
AnSTRACT 
Keywords: Micrometeorology, artificial climate; plastic tunnels; microclimate; pot temperature; 
temperature. 
Pot temperature was monitored for a wintrr tomato crop in an cast-west oriented plast!c tunnel. 
Pot mcdia affected pot tcm peraturc with a peat and sand (I: 3 by volumc) mixturc generally having 
the highcst polystyrenc :Jnd peat (! : I ) having the lowest d:Jy time pot temperatures, During thc nigh t 
time, pcat and vermiculinlc (I : I) had onc of the highest pot temperatures, while sand and thc poly-
styrcne and peat (I : I) mixture had thc lowcst. 
The cast-west orientation of the tLlnnei resultcd in l:Jrgc pot tempcrature differcnces betwecn rows, 
From thc northernmost row to till! next. thc daily mean pottcmpcrature decreascd by 4,4°C for peat 
and sand (I :3) and 3.5 °C for peat and vcrmiculitc (I: I), 
There was no clear relationship between crop yield and pot temperaturc possibly because of the 
interac:ting effccts of thc di fkrcnt potting media , However, this study provides strong eyid.:ncc that 
pot tempcrature is an important factor alTecting crop yield, 
Uillreksl'1 
DIEJNVLOED VAN POTTEMPERATUUR OPOESOPlJRt'NGS IN 'N PLA5JT/£S£ TONNEL 
POff(,lIIperaluur is g/'IIIC'el I'ir willlerlalll(Jlies ill 'II oO,I'-I"l'S-KI'Orihll('('rde pla.l'liC's{' WIllie I, Dcar is 
bevilld dill POIIl'III1'I'rfllllllr d('lIr dip P011II1'di11ll1 /Jl'rllrloed is : di,' I'C'I'II {,II ,I'alld/l/"IIKsc! (1:3 hy I'oll/I/le) hl'l 
die IwogJle {'II pulY,l'lYrt'ell (' ,'II 1'1'1'11 (I : I) II('I die lallg,H,' r/al!ll'lJIll('/'{/11I1I1' Kl'had, G('(lwl'lIr/,' dil' IIIlK, IWI 
vcell {'II I'(,I'I/lik IIliel (I : I) di,' hoog.l'le POII,'/I/pc/'{/I/lllr gl'lulll In",},1 SOlid ,'II die' puli,·lin'.'1I I'll 1' /'1'11 (I : I ) 
II/cl/gsef die loagsle gC'had hl'l , 
Oil' oos-II 'I's-uricllla,I' i,' I'WI die 101lllel het '/I f,I'!llIIgrik/' il/l-{o l'd Of} Potl,' /11IWrtllul/I' II/S,\'('II rye gehad, 
Val/ die lIo{Jn/t' liksll' Ty 1111 iiiI' rolgl'lIde 11<'1 die daoxlik.l'/' gl'lJIiclr/I'/d1' pOllel/lpl'rtllllllr \'a/l/illda IJIl't 
4,4 "C I'ir 1'('(' 11 1'/1 ,1'lIIeI ( I : 3) ,' II J, 5 "C rir 1,(,/' 11 ,'II I'erlllik I/Ii('/ (I : I), 
Dallr "'a,I' geclI tillidl'iikl' l'crimlllllll.l's(,11 "phn'IIK,I' el/ PU/lt'lIIl'c/'{/llIl/r nit', lIIi-rk i"11 as gC'rolc \'(11/ die 
lI'isSI' III'L'I'killi: 1" 111 "il' !'cr,l!..ilf,'lId" PUIIIII' /ig H'I,1'. ilil'r"it' slIIdil' i ..... er I'Kla bew)'s ,Ial pOlll'lIIpaOIIl/(T 
'n bl'lallgrike ill vloed 01' opbrelllf.l' het , 
Resllme 
TEMI' t.'R A TURE DES I'OTS EN TANT QUI:' FACTEU/\ NJUR LA PRUJ)UCTION D£ CUL-
TURf::S SOUS 'rUN,\' /:L j:N PLASTI(! U/:' 
La tClllp l:ral llrl' d" ,I' pOI,\' a ,;11; ('u lllnil,;,' pUllr /111" ('1111111'1' dC' IUlllat('s d'hil'er j iJil/' ,\'OiH /11/ llIliIll'l dl' 
plll,Sliqllc orielll,: "'/' ,It ,'II OIlC.I't , Le lItt={allgc COIIII'III1 dill/I' 11'.1' pO/.I' afll' ('/a ia 1"IIIP' :""'lIrl' .til pol, It, 
mc!mIK" £II' tUllr"c ,' I til' ,lIIhI .. (I :3 par 1'/I111111d ayalll g,;/I/ ;rall'lIIclI l la u '",p, ;ralun' la "la,1 ,;11'1"' /' t'I II' 
m~'/~IIIK/' iI(' p(JlY,l/yrt.' //(, (1\ ' , '(' IlIlIrh .. (I: I) IIYIIIIIIII 1" IIII', ;rallln' la 1,IIIsji llMe pl'lIt1alll /t ' jour, PI' lIdolllla 
P"'IIIt//' I/O/'llirllI', la IOIl 'f", (I\'l'e II!- III l' l'rlllintfill' (I : I ) i lltiiqll,'rC'1/1 11111' dC'.I' Icmp,;ralurC',\' In pltl.> dl'l'/;I'.I' 
lallllis quI' II' .I'ahle et Ie 1JI';' ,lIIgl' til' pol),J lyn'/It' 111'<'(' /ourh .. (I : I ) lI/olltrert' lIl It's f{' lI/p/:rtJlllrc,I' I<,of 1II0ins 
i?11'I',;t's, 
, L'ori(,lIllIl ioll d'l'SI /'11 ouesl tlu 1IIIIIIrI rhullll I'll til' KrtJlltll's tli!f, ;n ' III'('s d,' 1C'/11/Jt;rtJl ll r" /'/Ilre In 
"glll'!' /) .. 't/ligl/(' III pit/.\' aUIlt/ rd j/l.ll{lI'li III ,Wil'II1/II', III /('lIIp, ;rlllll/'(' t/illfll l' II/O}'CI/II/' tfll POl tlilllil/ l111 dc 
4,4 C pOllr III leJl/rbl: /'1 It' .I11h1t' (I : J) (' I de ,1,5 C 1'0111' III IlIlIr/Je (11'/'(' I'/'rllliculill' ( I : I ), 
Auclil/e I'llIire r£'flllioll 1I'l'xi,I'/a ('litre Ie rel/(lc'lIIelll d .. III 1'1111111'1' ('/ la U'lI/p' ;rtI/llrl' tlt',I' Pi 'lS, probll-
blell/('Ifl (i ('all.'>1' t/es "jll'('I,I' I ' /~ illter-a/'Iioll des dtjJ,;rC'lIls II/ /;IIII IKCJ /'01/1"1111,1' dlll/s 11',1' pols, C,'pI'/Idalll 
cc/le eilitle procllrl' /111" jorl l' "I'it/"II(,(' ,\'IIr Ie jllil ({UI' III l elllf,,;mlllre till pul " ,~I Ul/ illlporllllll j iletl'llr qlli 
njJecte Ie rent/I'll/I'II I tie III 1'II11Ur(', 
INTRODUCTION 
Climate modification by man is one method uscd 
to ,compensate for his growing dcmands on the 
envIronment. An example of climate modification is 
the ~ se of plastic tunncls, As Savage (19~:lOb) states, 
p!~stIC t~nnels trap solar energy, Provided water and 
SOIl nutnents a~e not limiting, crop yield is govcrned 
b~ the se~sonallnput of so lar energy and the efficiency 
With which t~ at energy is utili zed (Cooper, 1969), 
Sa,v,age, & Smith , (1980) dI SC USS factors affecting the 
utl/tzatlOn of radiant energy in plastic tunnels, 
A Soi,l and air tcmperatures also play an important 
role In the growth and development of field crops 
(Abdelhafeez, Harssema, Heri & Verkerk, 1971; 
Canham, 1970; Downs & Hellmers, 1975; Menhe-
nett & \yarcing, 1975 ; Watts, 1 972a, b), Savage 
(I 9g~b) discusses some aspects of air temperature in 
plastiC tunnels, 
Downs & Hellmers (1975) state that root tempera-
ture exerts control over, plant growth by affecting the 
~ptake of water and mmerals and by affecting initia-
tIOn and growth of roots, These authors point out 
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that root temperatures can yield much valuablc infor-
mation in relati~g plant behaviour to , oil types tor in 
the case of plastiC tunnels, to POL media), It is assumcd 
here that pot temperaturc, at a specificd derth within 
the crop root zone, is a measure of root tcmperature, 
The objective of this study was to clc'icribe the 
diur~1al varialio~1,in ~ot temperature in relation to pot 
media type, PO~ltlon In the tunnel and time of day and 
to try to establish whether pot tel1iDerature is indeed a 
fact?~ directly affect ing crop yield: Tomatoes, a crop 
senSitive to frost, was used in this experiment. 
PROCE[)URE 
The, expcrimental details of the tunnel and its crop 
are, discussed by Savage (1980b) and by Smith, 
Whitfield , Savage & Cass (1979) , Resista nee thermo-
~eters were used to measure the temperature of the 
d,lfferent, pot media. The construction of the inexpen-
sive resIstance thermometers used is discussed by 
Savage (1980a), The pot tem peratures were measured 
at, a d~pth or 100 mm bclow the surface in eleven pots 
WIth eIght different kinds of pot media, The pots were 
of the nOl''!lal ?Iack plastic, ~ablc i shows the type 
of pot medi a WIth the respcctlVt; numbers and Fig, I 
shows a plan ,view of the tunnel. Pot temperature 
was mcasured 111 2 of the 3 doubie rows during the 
months June and July, generaily the coldest time 
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TABLE 1 The mean or the daily ma,dmum and minimum and the mean pot temperature~, together with the yield data ror the period 
78 .6.\5 to 78 .7.14. The pot number is indicall'u to the IeI'! or the pot media type 
TABEL \ Die gellliddeld 1'011 die dangfik.\·(, 1II0ksillllllll ('II lIIil/ illllllll ('11 die I:clllidtfelde pnlfelllpel'allire asook die oesopbrellgsdallll1l vir die 
Iydperk 78.6 . 15 101 78 .7. 14. Die POIIIOIIIlI/l'I' i s lillks I'all die P(lllIIl'dilllll /lol/gce/lli 
Pot media 
Po/medilllll 
1. Peat and sand (I : 2)/ Vee" ell salld (I : 2) .............. . ..... . . 
2. Sand/Salld .. . .. . ....... . .............. . ... ....... .. .. ... . 
3. Peat and vermiculite (1: 1)/ Vel'lI CI/ 1'{'/'IIliklllicl (I: 1) .... . . .... . 
4. Polystyrene and pen : (I: 1)/Poli.ll if't't'JI el/ I'et'll (I : I) ... . . . .... . . 
5. Peat and sand (1 : 3)/ Veell ell .1'l1/1I1 (I : 3) ... .... . . . .. . . . .. . . .. . . 
6. Perlite/ Perlier . ....... . . .. .. .. . .. ............ . . .. ... . ... . . . 
7. Vermiculite/ Vl'l'lIIikllliel . . .. . . .. . ... . . .. . .... .. .. . ......... . 
8. Peat and perlite (I : 1)/ Veell .' 1/ Jler/iel (I: \) ....... .. ........ .. . 
9. Perlite/ Perfil'l . . .... ... ... .. .. . . ....... .. . .. . .. . . .. ... . ...• 
10. Peat and sand (1:3) / Veell('lIsalld(I:3) .. ... . .. . ..... . . . .. . .. . 
II. Peat and vermiculite (I: 1)/ Vcell t'll l'erllliklllicl (I: I) . . . . . . .... . 
3X X4 
lt X X lX X2 
lOX X 7X Xe 
9X X 5>( >(6 
Row l / Ry 1 Row 2lny 2 Row 3IRy 3 
Tunnel entrancc/ Tonfl olmgang 
FIG. I Plan vieIV or the tunnel where the numbers shown rerer 
to the trcatmcnts in Table I 
FIG . I Skel.'ploll 1'111/ dic IIJIIIIl'I 11 '1i1I1' die 1I0llllllel'.I' 1'{' rIl'I'S /10 
die bc'hal/llelillg.l· ill Tllbe! I . 
of the year. All treatments received the same amount 
of water and nutrients, as discussed by Smith c/ al. 
(1979). 
The tunnel was orientated in an cast-west dircction 
(Fig. I). This meant that a greater pcrcentage of the 
crop ~ould be able to absorb morc radiant energy in 
the wlllter months than if the tunnel were orientated 
north-south. 
RESULTS AND DISCUSSION 
Th~ diurnal variation of pot temperature for selected 
pots (111 the sa.me re w) ~or ~ cold night, a hot day and 
a cloudy day IS shown 111 Ftg. 2. Gencrally, the maxi-
mum pot tempera ture occurs between 15hOO and 
17hOO but on average at about 16hOO. The minimum 
pot temperaturc occurred at 08hOO. Sunrise time was 
a?out 07hOO. For the sa ke of comparison, the diurn~l 
all' temperature variation is also shown, taken from 
Savage (l980b). During the day, the air temperature 
was much greater than the pot temperature but this 
was reversed at night. 
Table 1 shows the minimum and maximum pot 
temperatures for the various pots for the period 






























































78 .6.15 to 78.7.14. In all cases, thc 1:3 (by volume) 
peat and sand mixture had the hi ghest pot lempera-
tures during the d;ty . The nexi highest day tempera-
tures were recorded for peat and vcrmiculite (I: I). 
Sand aiso had high day time pot ternpcr:!turcs and the 
I: I peat an:! perlitc mixture had Ihe lowest mean 
pot lcmperatures of all the media. 
At night, peat and sand (I : 3) expcricnc';d relatively 
low tcmperatures but the peat and vermicul ite (I: \) 
mixture had high tcmperatures. In facl, both the ver-
miculite and peat and vermiculite (I : I) media appear 
to retain more heal ellt::rgy than Illost of the other 
media during the nighl time. Pllly:-.tyrene and peat 
(I: I) and sano e,xpaicIH.:ed the iowc:;l night lime pot 
temperaturcs. 
From Ihe data of Table I, it would appear that the 
peat and sand (I: 3) medium generally has the highest 
day pot temperalures. the greatest diurnal pot lem-
perature ran ge alld the greatest mc:tn r ot tempera-
ture ·. Al so, from these data il would ~ec m that peat 
and sand (I : 3) is the most suilahlc medium from the 
point of view of providing temperatures beneficial to 
crop growth. With these critcria in mind. the peat and 
vermiculite (I: I) medium is also suitable although it 
should be emphasized that these choices are on the 
basis of the available data . 
Trcatments II and 3 (I : I peat and vermiculite in 
both cases) and 10 and 5 (1:3 peat and sand) arc on 
the northern side of rows I and 2 rcspecti vely (Fig. I). 
In each case the pots are in nearly the same position 
in the respective row so that temperatures may be 
compared. Fig. 3 shows these comparisons for a 
WarI~1 day (78.6.26). For peat and sand (I: 3), the 
maXlll1Um pot temperature was 24,0 °C in row 1 and 
15,7 °C for row 2, a diO'erence of 8,3 °C and for peat 
and vermiculite this dilference was 7,5 0c. Table 1 
shows this pot temperature difference between the 
corresponding treatments, over a period of a month. 
Crop yield has been shown to be affected bv soil 
temperature (Pcacock, i975; Power, Grunes, Reich-
man ~. Willis, 1970). Table I shows the crop yields 
for different treatments. A comparison of the yields 
for the same media type (treatments 9 and 6, 10 and 
5, I J a~d 3 re~ pectively) shows a poss ible pot tempera-
ture eOect. I n each case the yield per pl ant is greater 
for the pots with the higher pot temperatures (treat-
ments 9, 10 and 11). In the case of peat and vermicu-
20 
4 
..... .... -4 InSide tunnel air temperature 
Lugtemperatuur btnne tonnel 
Outside tunnel air temperature 
Lugtemperatuuf bUlle tonnol 
1 Peal and sand (1 2) 
1 Veen en sand 11 :2) 
>~(;-~X~~X 3 Peal and vermlculile 11 ' 1) 
3 Veen en 'Ierml/wllct (' : 1 ) 
5 Peal and sand (1 : 3) 
5 Veen en sand (1 : 3) 
.... ~ ..... Io--_. ~ ~:~~~~~~~~~ 
(a) . 
-.... 
- - - J/ 
I 
1 
OL-______ -J ________ ~-~~X~_+)(~)~(-)~~~)<~ 
18 h 00 22 h 00 02 n 00 06 h 00 10" (Y.) 14:-.00 
Local tomel PlaasllKo Iyd 
FIG. 2 (a) Diurnal variation of pot tem-
perature for sckcted pots from 
18hOO on 1978.6 .22 (a cold 
night) to 18hOO on 1975.6 .23 
FIG. 2 (a) DClaglikse 1I'isselinK I'lln pOI/CIIl-
perafllilr vir gekellrtfr pul/e 
vana! 18hOO 01' 197!l. 6 . 22 ('/I 
koue nag ) tot 181100 op 1 <)78.6.23 
FIG. 2 (b) Diurnal variation of pot tem-
perature for selected pots from 
07hOO on 1978 .6 .26 (a wa rm 
day) to 06hOO on 19711 . (,.27 
FIG. 2 (b) DaClg libe ... ;sselin.r: van poffe",-
peralllllr vir KC'kellrill' p(Jffe 
1'{IIra! 071100 op 1978 .6 .26 en 
warm dllg) 101 061100 op 
1978.6 .27 
FIG. 2 (c) Diurnal variation of pot tempe-
rature for selected pOlS from 
17h300n 1978 .7. 1 to 16h300n 
1978.7 .2 (cloudy day) 
FIG. 2 (c) Daat.: likse lI'i.l'Selint.: 1'(11/ pol/elll-
peralllllr I'ir gekl'lIrdl! poffe 
val/a! 17h30 01' 1978.7 . I 101 
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>< )( )( 
3 Peat and vermiculite (1 :1) 
3 Veen en vermikuliet (1:1) 
0 0 0 
5 Peat and sand (3:1) 
5 Veen en sand (3:1) 
• • It 10 Peat and sand (1 :3) 10 Veen en sand 1(1 :3) 
0 0 
11 Peat and vermiculite (1 :1) 
CI 11 Veen en vermikuliet (1 :1) 
8 
12 h 00 16 h 00 20 h 00 24 h 00 04 h 00 
Local timelPlaaslike tyd 
FIG. 3 Comparison or between row pot temperatures (ror 1978.6 .26, a hot lay) with two pots being in one row and two in another 
FIG. 3 Vergelykiilg rail lussenrYPolICl/lperature (vir 197t!.6 .26, ·n lI"arl1l dug) lI"allr I wee 1'011(' ill em ry ell 'wee ill 'II allder ry is 
lite (I: I), the crop yield of trcatment II (row I) is 
more than double that of treatment 3 (row 2). In 
general. the highcr the pot temperature. the higher 
the yield. It is, however, appreciated that these data 
are not conclusive in view of other uncontrolled fac-
tors that could have affected these yields. 
The pot temperatures shown in Table I may be 
explained by comparing the air filled porosity On 
values given in vo lume per cent. The thermal con-
ductivity of the media will depend mainly upon Oa 
and it may be anticipated that the greater the thermal 
conductivity the greater the daily range of pot tem-
peratures. For simplicity, 8a for the various media 
foHowing drainage will be compared. Oa is greater 
than 30% for perlite whereas for peat and sand (I :3), 
Oa< \0% (Mastalerz, p. 350, 1977). Hence perlite 
will have fI smaller thermal conductivity than peat 
and sand (I :3). Sand, and peat and sand (l :3) both 
have Oa< lO/~ and a lso have very high pot tempera-
tures. Presumably the polystyrene and peat (1: 1) 
mixture has an extremely large Oa and hence very 
low pot temperatures, which would possibly account 
for the iow yields of this medi um (Table I) . For 
vermiculite, Oa> 25% and hence thi s medium has a 
56 
small thermal condictivity and low pot temperatures. 
It should be pointed out that although only the Oa 
values following drainage are considered, the com-
parisons are apparently capable of explaining some 
of the resultant temperature differences. 
CONCLUSION 
Pot media were found to affect pot temperature 
markedly. The other factor affecting pot temperature 
was posi tion in the tunnel with pots closest to the 
northern side having the highest temperatures. Pot 
temperature appeared to affect crop yield but the 
effects of the different pot media cou Id not be clearly 
separated. The air filled porosity and therefore ther-
mal conductivity of the potting mcdium may be of 
help in anticipating the relative temperature variation 
in pots with different media. 
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EFFECT OF SHADING ON THE ENVIRONMENT, 
OF GREENHOUSE CUCUMBERS GROWTH AND YIELD 
I.E . SMITH, M.J. SAVAGE & W . BLACKBEARD 
DEPARTMENTS OF HORTICULTURAL SCIENCE AND SOIL ~CIENCE AND AGROMETEOROLOGY, UNIVERSITY 
OF NATAL, PIETERMARITZBURG, NATAL, 3201 
ABSTRACT 
An analysis of the environment inside a plastic tullllel, and the growth lind yield uf greenhouse cucumbers, with or without 30 0/0 
hadec/oth WdS made over a 15 week peT/od in autumn in Pit:termarirzbur9· 
The' total d"IIy ri/cliant densIty III the ullshaded env"omnent was double that for the shaded (typically 1 MJ m' l compilred to 2 MJ m 1 J. Little 
'iffL'rfmce in air and leaf temperatures was recorded because a smyle tunnel was used, although these were more umlorm III the shaded environ· 
?ent clue to the IIIsultiting effect of the shadecloth. 
Shaded plants ada~,ted to th,!" envirunmellt by producing " grt:awr le,11 area, but smallN root system, associated with which was i/n ill' 
reased res/stan c.' to Il)dl water mOltt'mellt. Shaded plants produced less tural dry mailer and proportionately put morc dry mauer mto Icaves and 
(ems, 81ld less mto roots and frUits . 
Although reli/live growth rates were similar in both environments, the net assimilation rates were higher lor unshaded plants. 
INTRODUCTION 
Soulh AfriCiJrl yrecnhouse glOwers " till have 10 rely on Hnpor · 
:ld European cucumtJCr varlclles, bred and selected under Europedfl 
ondillons, wllh controlled lemperalllfe and relalll/ely low rdd,atlon 
~glmes . Such varletlCs am expected 10 perlo.no well IInder the 
auable, =:"Id c!:cn C~lH;ill~lv hlOh StlnHtH: f dll h;fnpc'dturt~S In South 
.hlC:I, 1I~;ng 9re.:nhouse strocturcs whrch oller only hnute\l forms of 
t.mate conlfol. 
RecomnltJnr1ec1 temperatUfes lor !l'eenhouse cucumhers in 
WOlle arc 21 "C d.IY 19 " C nl\Jhl tor the lorst 45 days. toliow(,d by 19 
C c1ay/17 "C :IInhl . Wllh Iyp,cal total llally radl"llun denslltcs of ne)r · 
, 6 MJ f1I I IAnon. 19001. In Ameroca, W,ttwer u Honnw 119791 h<lve 
lcornmended d arow'ng temperatUfe of 28 "C, and slillO thaI 
linlmurn temperatures should not be below 21 " C or elso heating 
)outd be applied. 
M,lthorpc (19591 tnunc1that wcumbcr fol iage Ilad ;tn optimum 
I 24°C lor both aSSJfn,ldlor y aCllv,ty .• md Ihe CKp.Ifl<;lon 01 asslmlla · 
119 surlilCC. Chillia (19761. III exlcnSlve orowlh sludles w,th Ilreen· 
:luse cucumbers. con~ldered 25 uC the optImum yrowth tempera· 
lie, and showed thdt the CO, uptake 01 5 leit l plants was stI li in · 
'easlllg i1t an orradldfl.:e 01200 W m ' . the maxImum level tested. 
InslCle plastIC lunnels in South Afflca, by cumpaflson. Molree 
979) hilS recorded c1,IY lemperatures 01 40 " C tn mId summer at ~1CI · 
IIbosch, North . AII "n & de Jauer 11978,30 r' C i 15 " C at Pr(Herrndllll ' 
IIg. and Savage 11980bJ 24 ° C / l " C In /lIld ""tnter al P,cttlrmarotL ' 
Irg, With a total dal ly rad,ant density of 14 MJ m·l . 
Obviously. under summer condItions, some lorm 01 clImate 
mtrol should benefit greenhouse cucumbers in plaslic tunnels. 
aree 11979, has suggested shadecloth , or a whitewash pauli 
.arvotint 'muralo" which WIll reduce the maXImum ddyt.me all 
mperalure inSide the tunnel by about 5to 10 ° C, comp.lled to an un· 
aded tunnel. 
At the same tome shading reduces the amount 01 rad,ant ener · 
entering Ihe tunnel , and Maree 11979, recorded about 30 % less 
jialion in a shaded tunnel. Although radIation Iflux densrty' levels 
Iy be high in South Africa (up to 1000 W m' l al local noon in mid 
nlmerl the physiological response of Ihe cucumber planl to differ· 
t levels of rad,atoon under South Afncan conditions has nOI been 
,asured . 
A trial was thus established 10 measure the growth and yield, 
growth analYSIS techniques, of greenhouse cucumbers in a plastic 
Inel at Pietermarilzburg . 
PROCEDURE 
neral 
The Irial was carried oul in a single 30 m by 8 m Gund!e 'roll up 
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sides' pfastic tunnel, orientaled North l South near Ihe Faculty 01 
Agriculturo, University 01 Natal, PletermJlll/burg . 
Seeds of Cucurblta pcpo C. cv Pep,nex were germ.nated In 
Speedllngl Irays before being planwd into black plastrc pots In tho 
IUllnel, each containing 131' ot a 1 to 1mixtultllvolumu basis) ut local 
Ulligeni RivCf sand la coarso gilt) anct ir,sh peat m05S. 
The polS were arranged in tour double lOWS WIthin the centre 
of thtl lunnel, al a spilClng of 500 mm by 500 mm. EilCh pot w<ts Irri· 
gated by a Ollcrotubo inserted InlO a matll delivery pipe from an 
asbeslos tank which contained the nutllent soll/tron . The plants were 
imgated Iwice a day with 1 rol a solutron contal/llng 2 9 CIoUfIllCUit per 
hIre . 
The plants w ere trained 10 a single swm for the duratron 01 the 
trial, and firsl fru iting was only allowed 10 lako placo al a hei~jl\i ot 600 
mm Irom the POI surfdce . 
Experimental design and treatmanl' 
Tho main treatment effecl was the effect of shade vs no shade . 
Shade was supph.:d by eroctrng 30 % Alnel shadeclolh Ins.de tho 
pl;:slic roof 01 ono h .. 1f of the tunnel so th,1I hail the numher 01 pliJnts 
in Iho Ilia I were compietely covered. and surrounded by, shadecloth. 
WIth Ihe Olhor half tho plants bemg unshdclud but a(lldCem to thu 
shaded plants rn the samu lunnel. 
In all. theretore, theft! were four treatments, two shade treal · 
menls, and two pruf1lng regimes. with tour replicates consisting of Ihe 
four double rows of pot~ . Within each treatmenl in each repl, ca te 
there were 11 plants, . one of which was chosen at random on each 
sampling date. 
Growth analysis was carr ied out by sampling one planl from 
each treatment in each replicate weekly starting Iwo weeks after the 
plants had been transplanted into the flOtS in the tunnel. The sowIng 
date was 14.3.80, Ihe transplanting date 28.3.80 and the first sampling 
dale 11.4.80. 
Fruit was harvesled al normal commercial malurity . 
Growth analysis melhods 
AI each sampling Ihe medium was thoroughl~' washed from 
Ihe roots, keeping Ihe roots as rntact as possible. Each plant was then 
weighed and d,vided up into roots , Icaves, s:(!ms and fruits, each of 
which was weighed . Each part w as dried and its dry mass delermined . 
Leaf area was determined using a leaf area meter. 
The following growlh analysis formulae were used (Hunt, 
1978) :-
IThe mention of proplletary producls is for the convenience of Ihe 
reader and does not imply endorsement or otherwise by the authors 
or Ihe Universlly of Natal. 
115 
, lAR lIeaf area ratiol 
CGR (crop growth ratel 
leaf area 
leaf mass 
W , - W, 
(g plant day-'I; (21 
log, W , - log,W, 
(g day" I; (31 , RGR Irelative growth ratel 
, NAR (net assimilation ratel 
Ihere W, is the mass (g) at current week t , • 
W, the mass of previous week t l • 
J( 
log, LA, - log, lA, 
lA, - lA, 
(g m·l day-'I; (4) 
nd lA the leaf area 1m2) where LA, and lA, being that at times t, and 
t, respectively. 
:Iimate measuremont 
Incoming short wave solar rildiation was mr.asured (on cloud· 
'ss days only) using d \Vf!ilt her Meilsure tube soliHimeter, with 
hotosynthctically active radiation IPAR) mr.aslIIf!d using a Li ·Cor 
uanturn scnsor . Measurements w ere pcrformcn at hourly intervals , 
olh of these Inslrump.nts Wl're filc lory calihri'tf'd, ,md w ere placed in 
Ie centre of the doubie row for measuring Illlfp(l~;es , 
leaf r es i ~tilnce to waler V<lpour mOVllmt)f1t was measured us· 
9 it Lamhdil dilfu!>ion poromeillr , The porometf" was cillibrated al 
~ temperalUrf' !'o h .. tween 14 ancl 36 " C using Cilllhrillion plates sup· 
ied by Ihe manufilclurers , From Ihe slope and intr.rcepl vill"es of 
<esc curves, iI lempf'rillure cOPlficienl convert '''!) all l imo v;!lues 
me taken 10 move from 20 10 60 % If!lillive humidity) In IhoSH ill 75 
: was obtained , The humidily s .. n~lng element w~s shleided frono 
dialion us,"\! an aluminium foil COVP.ring . I" .S/rl', Ihe sensinn ele· 
ent was houscd in a dessicator . At every hour, Ihe "ha"i"l leilf resis · 
nce of four Icnves per pl;!nt Wil5 mp;Isurecl In each tlf!almenl. 
Air tcmppr;l tllw and rpl,Hive humldily WiI~ ml'asur eri e'1e~y 
lur using ;In ASSl1lilnn psychrometer placed al a stnnd,lId height 11,4 
I inside or out sine the tunnel. Pot temperature, ill n rI"pth of 50 mm, 
JS measured using three wire resistance thermometers (Savage, 
BOa, bl. 
Leaf templ'ralUres were recorrlcn with i.l thermocouple clip 
~rmomete' which was attachrd :0 the lower surface of four leaves 
r plant at anyone recording time . 
RESULTS 
Environment 
lative humiditv and air temperature 
Differences in air trmperil\ttre Ion cloudless days only) be-
een the shaded and unshilded treatments were 5111<111 , Under shade 
,th the milximum and minimum were 27,2 and 16,9 ° C respectively 
npared to 28,4 and 15,9 ° C undp.r plilstic only, 
The i1lmospheric water v'1pour pressures WNe generally 
'ater under shade. The small differences in air temperature and !CIa · 
) humidity Ciln be attributed to the free flow of air through both the 
ghbouring environments in the well ventilated 'roll up sides' tunnel. 
1iation and PAR 
The radiant densit ies ISavage, 1979a) for both environments 
indicated in Fig , I , in relilt lon to the height ilhove ground, for two 
erent stilges in the crops grow,h. The shade Irei!tment typically 
:Jced the tot111 daily radiant density by about 1 MJ m ·l throughout 
crop canopy . 
The reduc tion in radiative IOild due to the plilstic, ;lnd the plas-
md shadecloth. compared to the outside is shown in Fig. 2. At 
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FIG, 1: RAdiant density ot diflerent heights in the centre of e 
doublo row of greenhouse cuclimbAf5 grown in a plastic tunnel 
with or without shade , on two separate sunny days 
FIG. 1: Strlllingsdigtlleid by ve,skeie hoagtes in diR mirldel 
vlfn 'n dllhbelo rv kweekhllis komkommers bitrllfJ 'n plllsrip.se 
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FIG. 2: Radiant flux dens it V outside and inside a plastic tunnel 
with end without 30% shadecloth on 30 ,1\ .80. D sunny day 
FIG, 2: Uitstrafing binne en buite 'n plastjose tonnel mot on 
sonder 30% skadllbodoklcillg to 30.4.80, 'n sonnjgo dog 
llhOO the plastic reduced the radia tive load (flux den"ilies) from 
above 700 W m 2 10 about 400 W m " , with th~ shadecloth cilusing a 
further reduction to 300 W m·2 , The typical M shaped profiles under 
plastic were also observed bv Savage & Smith (19801. Ahove crop 
level, the total daily photosynthetic photon density was typicallv 8, 19 
mol m· l and 11,7 mol m-2 (Savage, 1979b) for the shaded and un· 
shaded environments respectively. 
Pot temperature 
For four clolldless dilYs thll OHhOO to 17hOO not temperatures 
average 23,0 "C for thn lInshaded orca ann 21 .8 "C for the shaded 
area, with pot ternpp.'ilturlls in both envir(\nments typica!l y fllIct'.!ating 
belwoen a 13 °C minimum and a 30°C maximllm, 
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Leaf Temperature 
There was no difference in average I<laf temperatures with or 
without shade, out the dally fluctuation III leaf tempcrilturu was great· 
er without shade, probably due to the shade cloth preventing some 
back radiation in the evening and at night, thus maintaining a more 
even temperature in the leaves of the shaded plants. 
2. Plant characteristics 
Leaf resistance 
In general, the leaf resistance to water vapour movement was 
greater for the shiJded plant than the unshaded. This results trom the 
reduced riJdialive load, as discussed by Slayter 11967). As a conse· 
quence of this, there were morphological changes in the shaded 
plants compared to tho unshadeti, as discussed later. Typically, mid · 
day resistances ilVnrayed 10 scm" and 7 scm" for shaded and un· 
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·IG. 3: Stomatal resistance of greenhouse cucumb er leaves 
'/\ plants grown in a plastic tunnel with or without 30% shade-
cloth 
lG. 3: Huidmond woorstand von kweekhuis komkommorbla-
9 van plante gekweek in 'n plostioso tonnol mot of sonder 30% 
skadubBdBkking 
eight and number of leaves 
Immediately after transplanting the shaded plants grew taller 
an the unshaded plants, and remained that way throughout the trial 
ig . 41. Shaded plants also had a greater number of leavps on any 
ven date,. and for the first six weeks of the trial they had a "Jf'~a ter in-
'node length IFig . 41 . Thus for the earlier part of the trial the shaded 
)l)ts showed typically etiolated symptoms, although these were not 
3rkedly obvious . 
af area and LAR 
From week four onwards stlClded plants also had a larger leaf 
,a IFig . 51, an apparent response 10 the lower radiation intensity 
:ler the shade Cloth. In terms of LAR IFig. 51 shaded plants always 
w811produksio/Crop Production Vol. X . 1981 
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fIG . 4: Greenhouse cucumber plllnt growth in a pillstic tunnel 
with 0110 without 30 'Yo shodecloth 
FIG. 4: KWDllklJuis komkommorpl"nt ontwikkeling in 'n 
plastiBscJ tonlllll milt Bn sondYr 30% SKtldubllrillkkillfl 
had values indiciJlinn that a greilter It,af surface area W ;JS rcqulfl:d 10 
producu 1 0 of dry matter UndtH the ~hiltlcd contlltlons . 
Dry matter 
Total dry mailer accumulation and its components Iroots . 
stems, leaves (lnd tWill arc shown in Fig . 6. 
The total dry mailer Yield was greatur for control plants Ihan 
those wllh shade . However II was 1f1lereSlinn to nato thor control 
plants had a vislhly nreater root sY51em Irom carlyon Iweek 3 01 
samplingl, and 111 terms of tlry matter produced gr!:<llCr frUit Yields . 
Alternately shaded planls tended to put more dry matter InlO leaves 
and stems, and less into roots and fruit. 
These facts arc further emphasiled If we examine the propor ' 
tion of total dry matter in each part of the plant IFig . 71. It can be seen 
that shaded plants always had a greater proportion of their dry matter 
distributed in the leaves, and this diminishes as the fruit yield ac· 
cumulates IFig . 71 . The proportion of dry matter put into sterns reo 
mains relatively constant as the plant ages, but that put into the roots 
diminishes. 
Growth analysis 
Crop growth rate (CGRJ 
CGR values fluctuated widely from week to week, but were 
mostly in the range of 1 to 4 g plant' I day ·l. On average, for the whole 
period of the trial the unshaded plants had a CGR of about 2 g day" 
compared to that of 1,5 g day-I lor the shaded plants. 
Relative growth rate (RGR) 
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FIG . 5: lool /Olea and leaf arM ratio (LAR) of greenhouso 
cucumb!:r pl,mts grown in II pillstic tunnol with lind without 
30% shlldocloth 
FIG. 5: 81siJrorea en /J/llo7r8rOlf vRrhoud;IIY von kWfJRlthu;s 
Icomkommerplnnre gokwook ;n 'n ,,1I.sl;(/$O lonnol mel ell 
sonder 30% sk8dubodokl<;ng 
any !rull set took plaee :Fi!.l 81. hut dropppd to a uniformly low level 
once till' '''st frll'ts w('r(' hil rv/' stNI Iwt,,'k 5) IInl,l Ihf' end 01 tilt! 1".11. 
No n,fI .. " ,nc" hetwf'PII ~hadl'd and IIl1shaded pl. lilts t ~. 'st ed , excepl 
tllf! ellrly slages when plants root undel shade had a shghtly I"Hher 
RGR . 
Nel ass;nlllatlon , .111' INARJ 
Fig 8 shows thilt unshilded plilnts hml a hiqh('r NAR on moq 
samplinq dates during the trial i I' thpy prorhlel'd mow dry miltl!'r ppr 
unit of leaf ;U('iI In .l qlven Ilmr. . As w'Ih RGR . thl' NAn valllp.s wc,,~ 
greater in the Initial period 01 the trial. until the f,rst fruils w ere har· 
vested, thereaf\r.r they stilbiloserl ilt about 5 gill 1 clay I and 7.5 9 m 1 
day" lor shaded ilnd IInshaden plilnts respectively . 
DISCUSSION AND CONCLUSfONS 
The effect of shade on thp. environment within the plastic tun · 
nef measured here was consistenl with the "ndings of other workers 
(Maree, 1979; Hammes 1'1 aI., 19801. One exception however was the 
small air ano !eilf temperature differences. This can be e.plained by 
the faCt that the shadecloth was inside the plastic, and thilt the two 
areas were adiacenl to each other in the Silll1e tunnel , WIth free air 
movement from the roll up sides . Thus the incominn radliltion was on 
IV depleted once it had passen throu9h the polyethylene covering of 
the tunnel. Th" sha<1c cloth absorhed most of the short w ilve radiation 
and re -radiated it as long wave radiillion to the swrounding air . 
ThIS problem could be overcome hy plilcing the shadecloth 
outside the tunnel. thus rerill cing the energy input into the syst('m . 
and thereby reducing the temperature . 
As in previolls studies (North ef af. , 1978; Smith , Whitfi(~ld, Sa· 
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FIG. 6: ()rv fIIntl ,., ilCCllmlllo1flO1l /II dd'NI'''' "arTS 01 .IIr,,/,"hrl//SI' 
CIICllmbf·'.~ gwwfI /II 8 pl,HI/t' 11I1l1J('/ Wlflr ollld wrlhUllf 300'~ 
slr.llif'l:It)fh 
FIG. 6: Ophopiny VBn droR moler;0,,1 011 verskf/;(' dolo von 
kweekllU;s 1<0mkommfUs !loKwo(/k ;" '11 plasl;lIse lonllol mot 
ell somler 30% sksdublldokk;"g 
vage & Cass, 1979) a reduction in thl! radiilnt fllIx df'nsity was rcr:Otrf 
cd such thitt :III! lInshaclcd anri sharfI'd envlronrl1r.nts typiC,llly rt~c "iv ' 
ed 400 W m / and 300 W m I at nlldday respecllvl!ly . These levels may 
have been low enough to affec t photosynthesis rntr.s, considf ~ fII1!1 
that Challa f 1976) found greenhollse ClIclImtwrs to he llllsaturil,,~d ilt 
200 W m 1, and S" le (1977) rpcorrler! ma.imum net CO/uptake ratr.s 
at about 600 to 800 W m ' l in field cucumhers . 
OVf~rall then, the mili" nilfCrP.nce between the two environ· 
ments was the lower raniation 10iln . 
The plnnts qrowina in the Iwo pnviron'ments hild definite cha o 
racteristics . Shaded plants qrew taller . harf morf' leavps ilncl sli!lhtly 
greater int('rno(t.~ length . They produced a greilter leil ! arell , had a 
higher leaf area ratio , and a smaller root system . 
In terms of yield , shaded plants produced less total dry matter. 
Associaled with this a higher leaf resistance to water vapour move· 
ment was measured til shaded plant leaves . It appears thai this was in 
response to the larqer transpiring sOlrfilc!' produced , wl!h a smaller 
root system with which to absorb water, with the plant limitinq the 
amount of walt!r it might lose under these condilions . It would be im· 
portant to examIne the stom;!tal distribution on Ihe plants in the two 
environments to back up this finding . 
Bcsides producing less dry mallcr over a!! , shaded rlants also 
proportionately distributed their dry matter dlfft!fl!ntly . Thus In shaden 
"lillltS a !l1P.a!er proportion of the 101(11 dry matter wns found H' thp 
leaves ann S"~t11s. whereas in unshaded plants il grl'illcr proportion 
was found in roots ilml frui\. 
The decreasing amounts fiut into Ihe roots is expldlned by the 
fact that the plants were growing in containers, which restricted the 
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FIG. 7: Percentage distribution of 
oreenhouse cucumber plants grown in 
and withuut shade 
total dry mass in 
a plastic tunnel with 
FIG. 7: Porsentasio vorsproidil/g van towlo droB maSSB vlln 
/cwooi<huis i<omkommorplantlJ gokwoek in 'n plastiaslt tonnel 
mot on sondtJr bedHKKing 
root system to a relatively constant maximum sIze. Tho above ground 
porlion of Iho plallt. however. c(mltnuou~ly increased 111 SllC . 
Exarnllllng thn photosynthetic df,c,cncy of the pldnt it was 
seen thaI RGR values wcr e failly similar. bul that NAn 'i<lh;cs were 
higher in unshaded plants . II could be concluded that th l! shaded 
i>lants were fUllctionll1g less efficiently. presumably due to the lower 
radiation intensities. ilnd that these plants had compcllsdted for the 
leduced radiatioll by increaSing their leaf area al the expenso of rOOI 
arowth and yield. 
The decreasing trend in RGe and NAR with age has also been 
'eporled for other plants !Thorne. 19601 . and the values recorded here 
are similar to those of Mlfthorpe 11959), A dllect comparison with 
Nark of Challa (1976) is difficult as his records were only up to the 5 
eaf slage, and not for fruiting plants. 
Large fluctuations in CGR , RGR and NAR made some of the 
:lata difficult to interpret , due mainly to sampling procodure. and the 
'act that fruit matullly differed between plants in successive samples . 
=urther, this experiment was conducted in autumn, at a time when 
ihading, as shown by these results , may not be beneficial in Natal 
nidlands region . Further research is required in mid summer in this 
egion, when radia tion intensities are higher , and using separate lun-
leis, to see whether shade cloth will effectively lower tunnel tempe-
alures wilhout affecting yield. 
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FIG . 8: Relotivjl growth rotos (RGRlnnd Not 8ssimilotion rates 
INARI of cucumber lev Popinexl plants grown with or Without 
shade ill a pluslic tunnel 
fiG. 8: RellJtiowo grooitumpos en r/Otto vorworkingstompos 
VOII lcomhommlJr (lev Popillox) plllnto gtlkwoek mitt of sondor 
bet/8lcking in 'n plDStiuS8 tonnol 
OPSOMMING 
DIE UITWERKING VAN BEDEKKING OP Dlf OMGEWING. 
ONTWIKKELING EN OPBRENGS VAN KWEEKHUIS J(OM-
KOMMERS 
'n Ollllt'dlllg van die omgewing binne 'n plaslw~e IOlIlIel asook 
die on/wikkdillg en oJ)brellgs vall kweeklwis kOfllkoflllllers, lIIet 01 
sonder 30% sl-culullel, IS in die herls oor 'n Iyclperk vall 15 weke in 
Pielerma,iuburfl olldemeem. 
Die 101"/(1 da"gllkse slr,,/mgsdiyrheid in di(1 ollbed(1kte omge-
willg was dubbel die vall die bedekle omgewmg (kellmerkend 1 MJ 
m 2 teenoor 2 MJ ",-2). MIfI verskd 11/ /ug- en blaarwmperatlJre 's ye-
meet, alhoewel dw lemperaruur van dtC bedekte omgewing m eer een-
vorrll/g was as gevolg van die insulerellc/e Ullwerklflg van die skadu-
nelte. 
Bedekle plante het in IIUI umgewillg aallgepas dcur 'n groler 
blaar oppervlakte Ie vorm mel 'n /(fcmcr wortelsle/sel, gepaard met '11 
groler teenstalld Vlf eI,e bewegmg vall blaarwater. Bee/clae plalllc hel 
minder lolale droe maleriaal OI_J.'It'ir.wer en het na verhoudmg meer 
droe matenaal na dw bla,e ell stamme gevoer en mll/der na die wOrlels 
en vrugte. 
Alhoewel relatiewe groeitcmpos in albei omgewings ooreen-
Iwmstig was, was die nellO verwt1rkingstelllpo IlOe, ill dli! ollbedekte 
plante. 
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